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Résumé 
Cette mission avait deux objectifs 
- le premier objectif était de participer à un atelier de travail sur la création de modèle pour la 
dynamique forestière. A ! 'initiative du Cifor, cinquante personnes ont été réunies pendant deux 
semaines pour concevoir un modèle. La méthode utilisée est la dynamique des systèmes ;
- le deuxième objectif était de proposer une formation aux systèmes mufti-agents auprès de 
partenaires invités par le Cifor et le Cirad. 
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La mission en Indonésie avait pour but de participer à un atelier de travail puis de conduire un 
cours de formation aux systèmes multi-agents au CIFOR et, enfin, de participer avec Philippe 
GUIZOL à la rédaction d'un thème du programme Plantation du CIRAD-FORET. Ces deux 
dernières activités faisaient partie d'une opération plus générale d'appui au projet de Philippe 












Arrivée à Jambi (Sumatra) 
Séance plénière de présentation du workshop, Jeu Fishbanks organisé par les 
Ciradiens. 
Voyage entre Jambi et Muara Bongo 
Visites de terrain et arrivée à Buttikingi 
Début du travail sur la modélisation en séance plénière. 
Travail en sous groupes. Martine ANTONA et François BOUSQUET faisaient partie 
d'un groupe de huit personnes censées proposer un modèle de processus de prise de 
décision. Un compte-rendu des activités de ces quatre jours figure en annexe. 
Assemblage des sous-modèles (décision, crop-soil, Non Timber Forest Product, 
Corporate, trees and forest). 
Retour à Bogor. 
Cours au CIFOR, dont un séminaire d'une heure pour les chercheurs du CIFOR et de 
l'ICRAF. 
Travail avec P. GUIZOL et départ. 
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FLORES : modélisation du processus de décision 
Du 22 janvier au 04 février 1999, le CIFOR, organisateur principal, le CIRAD, l'Université 
d'Edimbourgh et l'ICRAF ont organisé un workshop appelé Flores (Forest Land Oriented Resource 
Envioning System Model Design Workshop). Le but de cet atelier de travail était de construire un 
modèle pour simuler la dynamique du paysage dans les zones forestières. Flores est censé aider à
l'exploration à l'échelle du paysan des conséquences de décisions prises par des responsables 
politiques ou d'autres acteurs qui veulent influencer l'aménagement du territoire. 
Les formes de cet atelier sont issues des ateliers de travail proposés par C.S. HOLLING comme, par 
exemple, le modèle Serengeti qui avait servi à évaluer les alternatives de gestion de l'écosystème 
Seregenti (voir annexe 1). Le processus qui a présidé lors de l'atelier Flores et lors de sa préparation 
corresponde à la méthode présentée par HOLLING sous le nom de Adaptative Environmental 
Assessment and Management. 
La préparation et la tenue de l'atelier ont été conduites par Jerry V ANCLA Y, chercheur du CIFOR. 
Deux réunions à Montpellier, en mai et septembre 1998, ont initié le processus. Au cours de l'automne 
1998, un forum électronique de discussion a préparé le workshop, un site web a été créé avec les textes 
introductifs. 
Cinquante personnes ont participé au travail. Trois personnes du CIRAD ont participé, sous 
financement du CIRAD-FORET : M. ANTONA, P. GUIZOL et F. BOUSQUET. 
1. Organisation
1. 1. Objet de la modélisation et visite de terrain 
Après les journées de présentations et les visites de terrain, des sous-groupes se sont formés pour 
modéliser différentes parties du processus de dynamique du paysage et de ses usages. Les sous­
groupes correspondaient à une équipe sur les sols et les cultures, une sur les arbres et les forêts, une 
sur la biodiversité et les produits de la forêt autres que le bois, une sur les décisions externes aux 
systèmes (administrateurs, ONGs, etc ... ). 
1.2. Séances plénières 
Tous les matins se déroulaient des séances plénières. Au cours des premières séances plénières, il fut 
décidé de travailler à l'échelle spatiale de trois villages (25 km2) avec 30 ménages par village. La 
cellule spatiale de base avait une surface de un hectare. Il fut décidé de ne pas prendre en compte les 
phénomènes de migration, de considérer qu'un seul ménage peut exploiter un champ (une cellule). 
1.3. Travaux de groupes 
Le sous-groupe dans lequel nous étions devait se consacrer à la modélisation du processus de prise de 
décision au niveau des ménages. Le pari était de produire un modèle de quatre jours. Pour cela, il 
fallait représenter le processus observé dans les villages visités dans la région de Sumatra et décrits par 
les chercheurs de terrain. Le groupe était composé de 8 personnes aux origines diverses : des 
spécialistes de la région Sumatra, Carole Colfer anthropologue, Laxmann Joshi écologue, ou plus 
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largement des systèmes agraires David Thomas, un anthropologue spécialiste des systèmes de gestion 
des ressources Chimère Ndiaw, une économiste Martine Antona et trois modélisateurs, un géographe 
Tom Evans et deux spécialistes de !'Intelligence Artificielle Mandy Hagith et François Bousquet. F. 
Bousquet était facilitateur de ce groupe. La première journée de travail en groupe fut consacrée à la 
compréhension des processus de décision locaux à partir de discussions et de textes produits par Carol 
Colfer. Au cours de l'après-midi du premier jour, le travail a consisté à une première élicitation des 
connaissances. Il s'agissait de transcrire les connaissances en terme d'objets, de variables et 
d'influences. Il fut alors convenu que le groupe s'attacherait en premier lieu à représenter les décisions 
d'activité des ménages au cours d'une année de culture. 
A partir de ce premier travail, trois sous-modèles ont été identifiés. Le premier correspondait à un 
modèle de démographie pour prendre en compte la dynamique de la composition du ménage qui influe 
sur la quantité de travail disponible, sur leur consommation et sur leurs besoins d'éducation. Le second 
sous-modèle correspondait à un modèle de composition et d'affectation des revenus. Le troisième 
sous-modèle correspondait à un module de décision des ménages sur la répartition de leur force de 
travail suivant les différentes activités situées dans l'espace. Après une discussion sur l'architecture 
générale du modèle de ménage et donc sur les liens entre les trois sous-modèles, le groupe s'est 
répartit en trois sous-groupes : M. Antona s'est consacrée à la création du sous-modèle sur les revenus 
avec D. Thomas, M. Haggith, tandis que C. Colfer et F. Bousquet proposaient une représentation des 
décisions d'activité. 
Le modèle démographie : 
pulation (singlepop.ame) Simple l!ll!l E3 
le sous-modèle est élaboré pour fournir le montant et le type de travail disponible au sein de chaque 
ménage (homme, femme, enfants, seniors en fonction de taux de mortalité et de fécondité fixés. 
Hommes et femmes adultes sont différenciés par leur force de travail : un taux de conversion a été 
choisi. 
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Le nombre de ménages est fixe ; les phénomènes de migration et de segmentation ne sont pas pris en 
compte. La dynamique est simulée par l'augmentation du nombre de personnes du ménage, qui est 
l'unité de décision ... 
Le nombre d'adultes et enfants en activité est calculé en soustrayant aux membres du ménage, un 
nombre de personnes suivant un cycle d'éducation (le taux d'éducation constitue un "policy lever"). 
Ce résultat est transmis aux autres sous-modèles incluant la composante allocation du travail. 
Sous-modèle économie 
Un des éléments qui a conduit la modélisation du ménage fut la demande du groupe des Clients qui 
désiraient des indicateurs. Ces indicateurs sont produits à l'échelle du ménage et ensuite agrégés au 
niveau du Village. 
• Pour une simulation au pas de temps hebdomadaire les coûts de production et la consommation 
sont pris en compte durant la même semaine alors que les revenus de la production et des activités 
non agricoles sont pris en compte la semaine suivante . Cela conduit à un modèle à deux périodes. 
Le premier sous-modèle prend en compte les quantités produites vendues et consommées. Le 
second sous-modèle utilise les sorties du premier pour calculer les revenus (pour la consommation 
6 
de nourriture, autres dépenses, coûts des intrants) ainsi que la dette ou l'investissement. Les prix, 
les salaires sont considérés comme exogènes, C.A.D fixés. 
• La consommation est un ensemble de niveaux de subsistance, non dépendante des prix relatifs. 
Cela veut dire que la consommation n'augmentera pas avec une plus grande quantité de produits 
de l'agriculture. L'excès résultant sera alloué à la réduction de la dette ou de l'investissement. 
Dans ce cadre, nous considérons que l'éducation et la santé ne dépendent pas des résultats de 
l'activité agricole mais du modèle de population. Ainsi des ménages en déficit de revenu seront 
endettés. L'impossibilité de payer les coûts de soin résulte en une plus grande mortalité. 
• Les coûts de production sont dépendants des revenus. Ces coûts sont déduits des revenus après 
avoir pris en compte les dépenses alimentaires, les dépenses d'éducation et de santé. Lorsque les 
revenus ne sont pas suffisants pour couvrir les coûts de production du ménage l'activité du 
ménage devient impossible pour ce pas de temps. Lorsqu'au contraire un surplus existe il est 
investit en buffles ou autres types d'élevages. 
Sous modèle décisio11 
/Desktop/village/household/land management (landdecs3.ame) Simple l.!!!!I'� Ei 
Deux approches étaient possibles. La première étaient que les ménages allouent leur quantité de travail 
en fonction des demandes de leur environnement de production. Cela sous entend un ménage rationnel 
qui calcule et optimise sa quantité de ressources dont le travail. L'autre approche est de considérer des 
ménages qui allouent leur travail en fonction de la saison, en fonction de la disponibilité de travail et 
en fonction des priorités. Cela implique un ménage adapté à son environnement et qui a acquis des 
connaissances sur ses activités. Puisque le site sélectionné pour le travail de Flores a un faible niveau 
d'intégration au marché, le groupe que nous formions a choisi la deuxième approche. 
Nous avons tout d'abord travaillé sur les perceptions du ménage et les conditions qui influent sur son 
activité. Il y a des conditions qui répondent à l'état de ses champs et des conditions sur l'état du 
ménage lui même. En combinant ces deux conditions, nous calculons un vecteur de faisabilité pour 
chacune des activités. En ce qui concerne par exemple les travaux de préparation à la culture de riz en 
forêt (upland) il y a des conditions sur l'état de la parcelle ( il faut par exemple que la production soit 
inférieure à 100kg d'hévéa/ha/an) et il y a des conditions sur l'état du ménage (il faut que deux 
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personnes puissent travailler, que le ménage dispose de plus de 300 KRp, le coût de l'équipement tel 
une tronçonneuse ou un buffle. 
Il existe un ensemble d'activités spécialisées, de loisir, d'éducation des enfants qui ne requière pas 
l'activation du sous modèle décision. Il existe aussi des activités non spécialisées pour lesquelles des 
règles ont été écrites. Ces règles font référence à des conditions sur les parcelles, par exemple! 'état de 
la forêt pour les activités d'exploitation du bois. Des variables ont été créées sur les objets parcelle. 
Pour chaque activité possible, ces variables sont des booléens qui prennent la valeur O ou 1. L'activité 
dépend aussi de l'état du ménage et en conséquence les mêmes variables ont été créées sur les objets 
Ménage. Ces deux vecteurs de booléens sont combinés pour définir quelles activités sont possibles et 
sur quelles parcelles. Nous avons ensuite travaillé sur l'allocation du temps sur ces actions. Cette 
allocation du temps pour les différentes classes (hommes, femmes, enfants et seniors) dépendent des 
conditions sur par exemple la quantité d'argent disponible. 
A partir de ces conditions, nous avons défini des distributions d'activité qui furent ensuite allouées aux 
différentes parcelles. Cette distribution est définie par la proportion d'activité allouée aux différentes 
taches (par ex. ouvrir des parcelles, entretien des champs) par différentes catégories de personnes 
(hommes, femmes) multiplié par le nombre de personnes du ménage dans chacune de ces catégories. 
Dix neuf tables d'allocation du temps ont été écrites comme des variables appelées« rel table». La 
priorité est donnée au travail productif (riz, hévéa, travail hors exploitation, et collecte de produits de 
la forêt dans l'ordre décroissant d'importance). Cette allocation du travail est combinée avec les 
possibilités« ables» pour donner un vecteur« patch labor ». Ce résultat, qui est un tableau (activité, 
parcelle, quantité de travail) est le principal output du modèle de décision, pour l'interaction avec la 
dynamique naturelle 
Les trois sous modèles ont ensuite été reliés. Cette opération fut assez aisée car le lien principal 
concerne : 
1. la quantité de travail disponible chez les hommes, les femmes, les enfants et personnes âgées qui 
sera convertie en activité sur les parcelles, 
2. la quantité d'argent dont dispose le ménage car certaines activités nécessitent un apport financier. 
Après avoir relié ces trois sous modèles le modèle global de ménage fut relié au reste du modèle. Pour 
cela trois types de liens furent nécessaire. 
• Le lien entre le modèle de ménage et la parcelle se fait dans deux directions. Tout d'abord le 
ménage a besoin de recevoir des informations de la parcelle pour envisager ses activités. Il y a 
donc un marqueur sur chacune des parcelles pour savoir si une activité est possible du point de vue 
des caractéristiques de la parcelle. Dans l'autre sens la parcelle renvoie des résultats d'activité des 
ménages, en remplissant les stocks correspondant. Ainsi pour une activité de récolte de riz, le 
stock de riz du ménage se trouvera augmenté. 
• Le lien entre le ménage et le groupe Clients. Ce dernier groupe a besoin de beaucoup de données 
agrégées sur les différents ménages. 
Au moment ou le worskhop s'est terminé les différents modules étaient assemblés. Il restait donc à 
effectuer la phase de vérification, puis la phase de calibration. Un contrat fut proposé à Mandy 
Haggith pour mener à bien cette opération en relation avec Jasper Taylor. 
Le dernier jour les discussions ont porté sur l'usage de ce modèle ; les points de vue étaient très variés. 
Pour certains beaucoup reste à faire et le modèle en tant que tel est inutilisable, mais il a une vertu de 
« group building» et permet de tracer des directions de recherche. Pour d'autres le modèle doit 
pouvoir être utilisé dans des délais assez courts et doit pouvoir être transposé à d'autres terrains. En 
promenant le modèle de terrains en terrains on l'améliorera. Devant la diversité des approches il fut 
convenu de donner une peu de temps au processus et de voir quelles personnes et quelles institutions 
allaient s'approprier la dynamique. Deux groupes sont importants, Jerry Vanclay l'organisateur 
principal qui part s'installer en Australie et quitte donc le Cifor, et le groupe Ecossais avec les 
modélisateurs d'Edimburgh qui développent le logiciel AME. Au moment ou nous partions nous 
apprenions que le principal bailleur britannique relançait financièrement le projet. Du 19 au 21 Mai les 
modélisateurs écossais ont prévu un séjour à Montpellier pour poursuivre le modèle de décision. 
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L'orientation du nouveau travail se porte essentiellement vers la représentation de l'allocation des 
terres. 
2 Leçons de l'expérience 
Cette expérience fut très riche et on peut en tirer des leçons de différents ordres. Tout d'abord on peut 
discuter de l'état du modèle élaboré ce qui renvoie au statut de ce type de modélisation. Enfin on 
pourra mettre en avant quelques enseignements sur l'organisation de ce type d'événement. 
2. 1 Etat du modèle. 
Tel qu'il est présenté le modèle est très compliqué. Pourtant de nombreux processus n'ont pas été pris 
en compte. Nous en recensons ici quelques uns, les autre figurent en annexe: 
Les éléments du système 
• Un seul groupe ethnique a été pris en compte (pas de transmigrants) 
• Les plantations industrielles et les projets d'hévéa ne sont pas pris en compte 
• Les jardins de case n'ont pas été pris en compte en raison de l'échelle spatiale choisie (ils font 
moins de un hectare de surface) 
Le temps 
• Les décisions stratégiques qui prennent en compte le long terme (envoyer les enfants à l'école, 
achetre un véhicule . . .  ) n'ont pas été modélisées. Le ménage n'a pas de mémoire et ne changera 
donc pas d'utilisation de l'espace au cours du temps. 
Au niveau du ménage 
• Réduction au niveau du village implique d'abandonner le niveau village, clan et individu. 
• Les droits coutumiers et les règles foncières ont été très simplifiées en raison de ce niveau choisi et 
de la difficulté à faire de multiples liens entre objets avec AME. 
• La quantité de ménages est fixe et la démographie s'exprime à l'intérieur du ménage. 
De nombreux autres points sont répertoriés en annexe. Une remarque importante à la fin du processus 
: le défi du modèle Flores est de représenter le maximum d'éléments, d'être le plus proche de la réalité 
possible, pourtant à la fin du processus criants sont les manques du modèle. Cela nous confirme dans 
l'idée que l'objectif de représenter un modèle "aussi complexe que la réalité" est d'une part discutable 
pour son usage mais peut aussi s'avérer contre productif en s'exposant à la critique des inévitables 
manques du modèle. 
2.2 A propos d'AME 
L'originalité d' AME par rapport à d'autres produits dans le commerce est de coupler la notion de 
représentation systémique, ( en boîtes qui représentent des stocks, flèches qui représentent des flux et 
des relations d'influence et variables) à la notion d'objet. Ce double formalisme offre potentiellement 
une grande richesse de représentation. Dans la pratique, on peut tirer des leçons différentes suivant les 
groupes de travail. Pour les groupes qui se sont attachés à représenter les dynamiques naturelles 
(groupes sol, croissance des arbres, biodiversité) la modélisation est naturellement représentée en 
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termes de stocks et de flux). La modélisation systémique est naturelle et son histoire est longue dans 
ces disciplines. L'apport de l'objet consiste essentiellement à pouvoir créer de multiples instances. 
Ainsi le modèle dynamique d'une parcelle peut être reproduit pour autant d'instances. Cela rejoint la 
notion de tableau de parcelles tel que le géreraient des logiciels plus classiques comme Stella, avec 
cependant beaucoup plus de souplesse. Pour le modèle de décision, nous attendions beaucoup de la 
représentation objet. En effet, si la modélisation systémique se prête bien à la représentation de stocks 
de produits ou de relations entre des variables économiques la représentation objet devait nous donner 
accès à d'autres dimensions. Outre la notion de classe et d'instance dont on a vu l'usage pour les 
dynamiques naturelles et que l'on retrouve à travers la possibilité de créer de multiples instances de la 
classe Ménage, la représentation objet doit apporter la possibilité de modéliser des interactions entre 
les objets qui passe par la notion de message. Or cette notion n'existe pas dans Ame. Pour représenter 
des interactions entre instances de Ménage il faut créer une variable extérieure qui est un tableau de 
tous les ménages. Chaque ménage a accès à ce tableau et pourra interagir avec les autres ménages par 
un accès indexé. En pratique cela s'avère malaisé et nous n'avons pas utilisé ces potentialités qu'offre 
l'objet. 
Ame est un produit universitaire en constante évolution qui cherche à intégrer de nouveaux concepts. 
Il est d'usage intéressant pour ceux qui ont un mode de représentation essentiellement systémique et 
qui veulent s'associer avec le groupe de recherche Ecossais. 
3 Conclusion 
Le processus Flores est maintenant initié. Quel sera son devenir? Celui qui est à l'origine du 
processus, Jerry Vanclay, a quitté le Cifor juste après la rencontre pour s'installer en Australie. Le 
Cifor ne paraît pas très engagé dans ce processus et n'a pas donné depuis de signes d'appropriation 
pour conserver le leadership du processus. Le Dfid, le bailleur de fonds britanique a redonné des fonds 
substantiels pour que le modèle soit amélioré d'ici la fin de l'année 99. La plus grande partie de ces 
fonds a pri la direction d'Edimburgh. L'objectif est d'améliorer essentiellement le modèle du 
processus de décision. Pour cela un contrat à durée déterminée a été proposé à Mandi Haggith. 
Comment ce modèle sera-t-il amélioré? Nous n'avons que peu d'éléments. Il semble que d'une part, 
les aspects fonciers devront être améliorés mais d'autre part nous n'avons que peu de contrôle sur le 
devenir du modèle de décision. Ainsi une réflexion a débuté sur ce thème. Le Cirad, à Montpellier, a 
pris le rôle d'acteur à consulter. Le but de l'opération est de pouvoir montrer ce modèle à la fin de 
l'année à d'éventuels bailleurs de fonds pour continuer. Les autres instituts ne donnent que peu de 
signes de vie. 
Il nous paraît aujourd'hui important que le Cirad, à travers les départements Forêt et Tera, prenne une 
position. 
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Formation sur les Systèmes multi -agents 
Les 5, 6 et 8 février, un cours a été organisé au CIFOR pour introduire aux concepts des systèmes 
multi-agents et pour initier à l'usage de l'outil Connas. Dix sept personnes étaient invitées sous 
financement du programme plantations du CIFOR dirigé par C. Cossalter. 
La formation se composait de cours le matin et de travaux pratiques l'après-midi. Les personnes 
présentes (dont la liste est en annexe) étaient d'origine disciplinaire diverse, informaticiens, 
économistes, forestiers. La plupart venaient d'Indonésie mais Philippe Guizol avait aussi invité des 
Malaisiens et des personnes travaillant sur de terrains au Vietnam. Lors de la dernière après midi nous 
avons présenté le modèle d'irrigation sous forme d'un jeu de rôle. Le travail que nous avons mené ces 
trois jours dans les locaux du Cifor a en partie convaincu des chercheurs du Cifor appartenant au 
programme co-adapttive management (Carol Colfer et Ravi Prabhu). Une des conséquences fut 
l'accueil d'Herri Pumomo, informaticien de leur programme à Montpellier pensant un mois pour se 
former à Cormas, avec un financement de l 'Ambassade à Djakarta. . Cette formation introduit un 
informaticien formé dans les locaux du Cifor ce qui devrait favoriser les travaux de Philippe Guizol 
pour le volet modélisation. 
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Serengeti II 
Dynamics, Management, and 
Conservation of an Ecosystem 
Edited by 
A. R. E. Sinclair & Peter Arcese 
THE UNIVERSITY OF CHICAGO PRESS 
CHICAGO AND LONDON 
TWENTY-NINE 
A Model to Evaluate Alternative Management 
Policies for the Serengeti-Mara Ecosystem 
R. Hilborn et al. 
The Serengeti has been the site of dozens of research projects since the 
1960s, and there have often been as many as fifteen researchers active in 
the park at any time. This research is well known in both popular and 
scientific circles around the world, and the contribution of these research 
programs to our scientific understanding has been great. The list of major 
books, scientific papers, and films resulting from research in the Serengeti 
is unrivaled. Yet in the 1990s researchers are under increasing pressure to 
justify the relevance of their work to the needs of the people living in and 
around the Serengeti, and to the nation of Tanzania. 
The Serengeti ecosystem is affected by many actions of a governmen­
tal and nongovernmental nature. Anti-poaching patrols, burning policy, 
hotel development, animal vaccination in areas surrounding the park, 
and changing land uses in surrounding areas have become management 
issues. Further, changes in rainfall pattern, international tourism, and 
growth of the human population in areas surrounding the park will all 
have major implications for the plants and animals living in the Serengeti 
ecosystem. The decision makers in Tanzanian government agencies are 
actively considering their management options, and it is the responsibility 
of researchers who work in the Serengeti to ensure that the knowledge 
they have gained is available to these government officials to help them 
predict the likely consequences of their management actions. 
To assist in this transfer of scientific knowledge from researchers to 
managers, a workshop was held at the Serengeti Wildlife Research Centre 
(SWRC) on 7-11 December 1991. • The purposes of the workshop were 
•n.c other participants in the workshop, in random order, arc N. Georgiadis, J. Laza­
rus, J. M. Fryxell, M. D. Broten, B. N. N. Mbano, M. G. Murray, A. R. E. Sinclair, S. M.
Durant, B. Mwasaga, M. K. S. Maigc, P. Arccse, S. Albon, H. Hofer, M. Kapcla, A. Dobson, 
M. East, H. Nkya, H. T. Dublin, C. P acker, K. L. I. Campbell, S. C. Gascoync, S. R. Creel, 
P. Hetz, N. M. Creel, and T. M. Caro. 
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Indicators of Performance. Once we have chosen the general areas to 
include, we then list the key indicators of system.performance. These indi­cators are the outputs fro"m1necompute·� mo-clel that�e will �se to evalu­
ate how well any particular management policy performs. The indicators 
chosen were: 
Animal population sizes 
Tourist numbers 
Tourist satisfaction 





Livestock per family 
Encroachment on national parks land 
Local population health care level 
Management Actions to Consider. The next step is to decide what man­
agement actions we hope to be able to evaluate. These are the analogues 




Burning and/or suppression of burning 
Road construction 
Adjacent land uses 
Reintroductions 
Improvement of water supply and infrastructure 
Spatial and Temporal Resolution. The lists of actions and indicators 
above can be thought of as the design criteria for our model. They tell us 
what the model should be able to accept as inputs and what it should 
produce as outputs. Next we must decide what spatial and temporal 
scales the model will use. There are a number of options for spatial scale, 
including (1) a grid pattern, (2) areas of arbitrary size and definition, (3) 
an explicit model in which each organism has a location in space, and (4) 
no spatial resolution or implicit spatial resolution. 
After some discussion and consideration of computer limitations, we 
decided on option 2, a model with ten spatial areas as shown in figure 
29 .1. The areas were chosen to reflect the annual migratory pattern of 
wildebeest, zebra, and Thomson's gazelle, and to include the areas of sig­
nificant human impact. Many participants felt that smaller spatial units 
would be appropriate, but considering that we had only 4 days to build 
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Figure 29.1 Map of the Serengeti ecosystem showing the ten spatial areas of the model: 
I, Plains East; 2, Plains; 3, Maswa; 4, Western Corridor; 5, Ikoma; 6, Loliondo; 7, North­
ern Park; 8, Mara; 9, Northwest; 10, Scronera. 
the model and that its purpose was research coordination, we used the 
areas shown. 
The appropriate temporal resolution was also a compromise between 
conflicting objectives. We elected to consider two seasons, an 8-month 
wet season and a 4-month dry season. Some parts of the model, such as 
human population dynamics, did not need to operate on this intra-annual 
step, but others, particularly vegetation, ungulates, and predators, did 
need such a division. 
Model Components 
Subgroups. A key element in the workshop process is to break the parti­
cipants into groups according to areas of disciplinary specialry, but to use 
the lists of actions and indicators to ensure that these subgroups spend 
their time building a submodel that is appropriate to the other groups, 
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Woods
r.i = percentage of area i that is woodland in year y 
Cultiv
r,i = percentage of area i that is cultivated in year y 
Wild
r 
= total wildebeest population in year y (in thousands) 
pburn
r
,i = the propoft!on of area i not in cultivation that is burned in 
year y 
The equations for the vegetation model are: 
Grazed
r
,i = Wild/(1,000 + Wild
r
) 
This simply says that the percentage of the area grazed increases as the 
wildebeest population increases, with 50% of the area grazed when there 
is a wildebeest population of 1 million. Note that this percentage is deter­
mined by the total wildebeest population size because we assume that the 
distribution of wildebeest is the same in every dry season. 
Burned
r
,i = pburn (1 - Grazed
r
) 
The variable pburn is determined in the parks management submodel, 
and here we simply assume that areas that have been intensively grazed 
by wildebeest will not burn. 
Tallgrass
r
,i = (7.7 X Rain., ... r - 202) 
X (1 - Burned
rJ - Woodsr,i - Cultivr) 
Green
r
,i = -800 + Rain
dry
,r X 8, 
or if Green
r,i is predicted to be less than 50, then Greenr,i = 50. 
In both of these equations the grass production is assumed to be 
largely determined by rainfall. 
The key interactions of the vegetation with other components of the 
system are that as the wildebeest population changes, the proportion of 
the area burned will change, and as land is cultivated or converted to 
woodland, the amount of grass available will be reduced. 
Ungulate Submodel 
The following definitions are used in the ungulate submodel: 
N .. = numbers of ungulate species;, year y, area i 
y,,,I 
Metwt; = metabolic weight of species ; 
Resid .. = proportion of migratory species j resident in area i in 
5,1,J 
season s 
Hal(Sat; = the logarithm of dry season grass per animal that produces 
5()% survival (half saturation) 
There are three migratory species in the model-wildebeest, zebra, 
and Thomson's gazelle-and three nonmigratory species-elephant, buf­
falo, and "brown animal," which collectively refers to topi, impala, and 
kongoni. The key relationships in the population dynamics of the ungu­
lates can be summarized as 
ALTERNATIVE MANAGEMENT POLICIES 625 
N = N SurvDry + Calves - Hunterkill - Disease deaths 
y+ l y . - Predator kills. . 
The number of calves born is simply proportional to the population size: 
Calves = N
r 
X Calving rate. 
The key dynamic factor is the dry season survival, which is assumed 
to be related to the amount of dry season food per individual by the fol­
lowing relationship: 
SurvDry = log(GrassPerAnimal)l[log{GrassPerAnimal) + Hal(Sat] 
where the grass per animal is 
GrassPerAnimal = (Grass X area; X 100)/(N;; x Metwt; 
X 1,000 X 120). 
The numerator is grass (kg/ha) times 100 ha per km2 times the num­
ber of km2 in area i. For wildebeest and Thomson's gazelle grass is dry 
season grass. For zebra grass is wet season grass/4.5, which reflects the 
use of long grass during the dry season by zebra but the lower value of 
the long wet season grass during the dry season. For the nonmigratory 
species grass is the wet season grass divided by 3. The denominator is the 
number of individuals present, times their metabolic weight, times 1,000 
to convert from numbers in thousands to numbers times 120 days in the 
dry season. The parameters for the starting numbers, metabolic weights, 
survival, and Hal{Sat values of the ungulates are.given in table 29.3. 
At the beginning of each season, the migratory species are allocated 
to the ten areas based on the residence proportions Resid shown in table 
29.4 and the following equation: 
Nr,,,i,i = Nr,i Resid,,i,j. 
Predator Submodel 
The predator submodel has two major components: calculation of the 
kill of prey items, and the population dynamics of the predators. The kill 
of prey is calculated from the multiprey type II functional response, whose 
form.is 
where 
Kill = Density; X pAttack; ' 1 + L; Handle; Density; pAttack; 
Density; = density of the prey in numbers per ha 
Handle
i 
= handling time for a single predator to consume one prey i 
pAttack; = probability of successful attack on species i 
Kill; = number of prey items of species i killed per unit time 
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Tuble 2':J. 7 Population dynamics parameters for predator model. 
Species Lion Hyena Cheetah Leopard Wild dog 
Base morcalicy 0.02 0.06 0.05 0.02 
Slupe of morcalicy 0.3 0.0 0.076 0.0 
Mortality per 
poacher crip 1 / 1 00,000 1 / 1 00,000 
Recruitment 
maximum 
parameter 0.052 0.08 0.6 0.0048 0. 1 5
Recru i 1 111enc slope 
parameter - 5 .3 1 - 0.866 -6 - 1 6 - ·US
Table 2 9.8 Predator numbers in 1 99 1 .  
Arca Lion Hyena Cheetah Leopard Wild dog 
l Plains Ease 1 00 2,000 1 00 0 0 
2 Pla ins 100 1 ,500 200 0 0 
3 Maswa 300 300 35 1 3 0  1 5  
4 Western corridor 700 1 ,800 1 00 1 80 20 
5 lkoma 100 700 0 70 10  
6 Loliondo 1 00 200 40 1 00 1 2  
7 Nnnhcrn park .100 300 40 1 1 0 1 4  
8 M:ira 400 1 ,500 50 uu 1 5  
'J Nunhwcsc 0 0 0 0 0 
1 0  Seronera 700 1 ,200 35 1 20 1 5  
Note: 1 960 numbers arc assumed to be 60% of 1991  numbers for lion and hyena. 
The second component is a large number of calculations of employment 
and revenues. 
The key relationships are as follows: 
Tourism Quality = A11ima/Q11ality X ( I - Crowding) 
Tou�ism quality goes up as more animals are seen, and down as more tourists are present. 
Crowding = Tourists/( 1 50,000 + Tourists) 
Crowding is an increasing function of the numbers of tourists. 
Anima/Quality = UngulateQuality + PredatorQuality 
The more ungulates and predators seen, the better for tourism quality. 
. UngulateQuality = ( Wildebeest + Zebra + BrownAnimals)/1 OWildebeest, zebra, and brown animals are so much more abundant than 
other species that they dominate what is seen, but since their numbers are 
in thousands and we divide by 10, we are saying, in effect, that ten thou­
sand wildebeest are equal to one cheetah. 
PredatorQuality = 0.5 X Lions + Cheetahs + Leopards 
Lions are con�idered half �s valuable as cheetahs and leopards. Hyenas 
were not considered a tourist attraction. 
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TourismGrowthRate = 1 + Sensitivity X (TourismQuality - 1 ,800 ) 
This is a line_ar relationship between TourismQuality and the growth 
rate in tourism. When TourismQuality is greater than 1,800, tourism will 
increase; when it is less than 1 ,800, tourism will decrease. The sensitivity 
parameter determines how quickly it will increase or decrease, and a value 
of 4/40,000 was used for base runs. The constants 1 , 800 and 4/40,000 
were selected by trial and error to make the simulations roughly mimic 
the real system behavior. 
The fo llowing calculations were made for employment and parks 
revenue: 
Tota/Touristsr+ i  = Tota/Touristsr X TourismGrowthRate 
Tota/TouristNights = Tota/Tourists X TouristStayDuration 
Tourist stay duration is 2 nights. 
BedslnPark = BedslnPark X BedGrowthRate 
The growth rate of beds in the park is specified as a control variable for 
different scenarios. 
Tota/Revenues = (Tota/TuuristNights X DailyFee)
+ (Tota/TouristNights/nHotel X Hote/Feetol'arks)
+ (Tota/CampNights X CampFee)
The sources of revenue are a daily park fee ( $ 1 5.00), a fee from the hotel 
per night spent in hotel ($5.00), and a fee per camper night ( $ 15 .00). 
Some fraction (50% or 75%) of the total revenue is allocated to the 
park's operating revenue; the rest is passed on to the Tanzanian gov­
ernment. 
The park's residual funds are computed as follows: 
Residua/Funds = Residua/Funds + OperatingRevem,e 
- OperatingBudget
The operating budget has two components: 
OperatingBudget = AntiPoachingBudget + Capitallmproveme11ts 
+ ParksManagement
Employment is assumed to be dependent on the number of tourist 
nights as follows: 
ResidentEmployees = 0.6 X Tota/TouristNights/365
Dependents = ResidentEmp/oyees X 5
Resident employees include both hotel staff and park staff. 
Outside Park Submodel 
The three major components of the submodel for human activities out­
side the park were poacher effort and kil l , human population growth, and 
changes in land use outside the park. 

636 I I I LBORN ET A L. 
poacher k i l l .  The estimates we have used are tentative, and much more 
resea rch is needed. Further, the effectiveness of anti -poach:ng patrols 
needs to be understood. It is clear that the wildebeest and zebra popula­
tions can withstand some level of poaching; the question is how much is 
too much. 
Since tourism is the major source of income for the parks, we need 
to understand what determines the qual ity of tourism. Th is could be ex­
plored by various tourist surveys and by comparisons among different 
parks to see what factors are related to the number of tourists. 
It is widely believed that the predators-l ions, leopards, and chee­
tahs-are major components of tourism qual ity. The population-level re­
sponses of these predators arc not well understood . The predator model­
ing group had considerable d ifficulty in formulating the components of 
recruitment and morta lity necessary for predicting the effects of changes 
in the park. 
Cautions 
A final word of caution: Th is model does not represent the state of the 
art; i t  is merely one real ization (4 days worth) of how things might work. 
Each individual group could build a better model. A research group could 
build a better combined model. This model provides a first look at how 
the system might work and should be viewed as a starting point for fur­
ther exploration. The process of the workshop was much more important 
than the product. 
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constitu te tJ1e assessmen t ,  no two assessmen t  problems are  the  same anti they 
cannot be successfully treated wi th a fixed agenda. Therefore we have synthesized 
our experience i nto a "typical" scenario - flexibil i ty and adaptability remain 
para�1ount . We have tested . tJ1ese procedu res and are confident that they work .  
Specd1c procedu res for opera ting the schetluled workshops are detailed in tJ1e 
next chapter. 
January J :  The Assessment Begins 
�n January l the program manager is charged with preparing a repor t  on the 
likely consequences of a major developmen t .  The report is to be completed within 
I year , and he may draw upon scien tists and advisors botJ1 from his organ iza tion 
and from collab orating ones. 
The program manager's fi rst task is to identify the central members of his team . 
These .fall in to two groups, iliose who possess analy tic skills (e .g., compu ter pro­gram:nmg.' data analysis, statistics) and tlie subjec t  matter specialists, who mightbe b1ologists ,  g�ologists, economists , or engineers. The analytic group and one or 
two of �e subject matter specialists will form wha t we call the core group. This 
gro �� will run the workshops , do the compu ter modeling, and analyze alte rnative 
policies. The subject mat te r  specialis ts ou tside of the core group will be c alled 
u pon as their expertise is requi red . Workshops coordinate the activi ties of the 
core group wi th those of the specialists and me thodologists. 
January 15: First Meeting of Core Group 
l3e fore the en tire tewn is assembletl ,  the core group meets i11 camera , to ou tline 
!he natu re of tJ1e problem. This includes defin ing a range of managemen t options ,  
m terest groups , and objectives . Addi tionatty , and importan tly , the core group 
shoufd define the se t of variables relevant to tlie decisions that must be made. At 
this mee t ing a 11rst a t tempt is  made to tletermine the physical bountlaries of  the 
problcl l l ,  the temporal anti spa tial resolution rcquirctl , and the level of  de tail the 
motlel should lake. O ther participants neetled for tJ1e assessmen t groups are 
ident ified. 
The pro�ucts of  tli is mee ting are a l is t of par ticipan ts for the firs t workshop , an 
unders t�n.d.�g of the gene ral form tlie model will take , and an assignmen t ofrespons1bil 1 t1e s .  The core group then begins to assomble the compu ter software 
and hardware for thei r modeling activities , and the specialists review the a9ailable 
data re le van t to the problem. 
The stage is now set for the first workshop.  Al tliough the core group has a 
p reliminary defini tion of die problem ,  it is tac tically impor tan t  tha t these pre­
liminary decisions remain invisible during the fi rs t workshop and that they be 
readily abandoned i f  i t  seems appropriate. In the workshop rela ted decisions 
will be made again by all the workshop par ticipants and will b e  modified as a 
consequence of the broader experience of the par ticipan ts .  I t  is importan t  for these 
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decisions to b e  made extemporaneously - and more important tha t they appear 1 0  
b e  made so. TI1e commi tment  of  participan ts lo the projec t in future workshops 
depends on ilieir self-identification as creators of the model. However ,  it is also 
important tha t  ili e first workshop establish momen tum and that it does not become 
stalled over technical indecision . It is for this reason that the core grou p must ll3ve 
a set of "shadow decisions" in their back pocket to draw upon if the workshop 
fal te rs. 
February 15: First Workslwp ( 2-3 Days) 
This workshop is a t tended by the co re group and all the specialists . In addit ion, i t  
i s  cri t ically importan t tha t the  higher level decision makers and managers be  involved 
as much as possible. Frequently, they will be able to a ttsnd only the f1rs t day , or 
even only the fi rs t  hour, bu t  it is of the u tmost  impor tance tha t iliey be there even 
for that hour, and at least two or three should attend the whole workshop. If the 
person who requested the repor t  participates in the opening of the firs t workshop , 
he knows what is happening and feels a par t  of i t .  The ultimate decision makers can 
so guide tlie initial discussions as to ensure that th_e exercise remains relevant lo 
tlieir needs. A group of biologists left alone might p roduce a very interest ing model 
of a game population, bu t  one i rrelevan t to the managemen t o f tha t species. The
presence of decision makers thus provides needed guidance in the early s tages of 
ilie p rogram. 
This workshop follows the general rules described in the orchestrat ion chap ter 
(Chapter 4). The fi rs t  days are concerned primarily with defining and bounding the 
problem, selec t ing the variables, and design ing the framework of  tJ1e model. Unless 
ilie core group is especially experienced,  it is unlikely tJia t iliey can have a rough 
model operating by the end of this workshop. The importan t  poin t  is that they
have all the informa tion and materials they will need to w rite the computer  
program before the participants leave. The core group must have the motld s t ruc tu re 
defined for programming and must also have the estimates, howeve r rough, of the 
parameter  values for this model. The subject matter specialists must leave the 
meeting with a firm understanding o f  the data that are needed for further modifj . 
cation and refinement of a model that can be responsive to the management questions . 
Three cri t ic al steps mus t be completed by  the end of the workshop. Firs t ,  tlie 
problem must be clearly defined - management ac tions, key variables, spatial 
exten t ·  and resolu tion , and t ime horizon and resolution . This definition should 
have led to at least a c rude ou tline of a model. The core group will tlien use this 
in forma tion to develop, mod ify, and refine ilie model. Second, the key data needs 
must be defined , and preliminary research plans outlined by the specialists for tlie 
canting field season. Finally, the person requesting the assessmen t must have been 
so involved ilia t  he and the group are assured that tlie relevan t in forma tion wil t  
be obtained. The more he  i s  involved interactivdy in this critical 2 l o  3 days, the 
more likely that this condit ion will be satisfied . 
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we re regional government planne rs , and some were residents of the village i tsel f. 
Afte r the workshop , one pe rson spent 2 weeks w ri t ing a report on the results. 
A PD 1' · 1 I computer (28 ,000-word memory) was used - agwn a compute r of a 
size commonly available throughout the world. The investment in t ime and money 
was small , and the payo fff we re great .  This type of workshop could probably be 
used in many short-term evaluation programs; some parallel examples are outlined 
in Walte rs ( 1 974). 
Seve ral important problems were de ftned and clari fted by the Obergurg.1 model . 
The init ial conce rns about environmental quality receded to minor significance. Of 
more concern was the obvious inabili ty of the village to maintain its current s tyle of 
life ,  which is associated with continued growth o r  the hotel industry . The land will 
run out ; subsid ization, taxa lion , and zoning changes can only alter the date .  When 
the Obcrgurgle rs returned to thei r village a fter the workshop, they initiated a series 
o r  public d iscussions about the future of the v illage . This period of d iscussion 
reached a peak during a I -day presentation in the village of the results of the model 
by the modeling group. The need for a change in l ife style and expectations became 
obvious to many of the villagers ; the search for a solution began. The model could 
not p rovide a solution , but the people can. They are now actively exploring means 
of expanding the economic b ase to provide nonhotel employment,  and more 
important , the children who are now growing up are doing so with a better under­
standing of their future. 
ENV I R O N M E N T A L  M AN AG EM ENT 
I t  i s  more d ifficult t o  prescribe a generalized sequence of s teps for the p rocess o f  
designing policies for management. l n  many assessment situations the inst i tutional 
authority ,  however narrow, is at least clear and undivided, and a useful sequence 
can therefore be generalized . Most environmental management situations, however , 
are much more complex. There is often a d ivision of responsib ili t ies for research 
from those for policy design and management. In such instances, as a consequence ,  
the research often d ri fts from a focus on management and policy questions t o  a 
focus on gene ral scientific questions . And those developing policies find themselves 
isola ted from appropriate research information e i ther  because i t  was never obtained 
or because it is hidden behind institutional barrie rs . Moreover ,  in many problems 
of  deve lopment or resource policy design a bewildering number of agencies seem 
to have , or desire , some voice . Final ly ,  policy design ,  more than environmental 
assessment , must face the conflic ting objec tives of di ffe rent governmental , industrial , 
and public interest groups . 
l3ecause these problems and the cast of :ic tors concerned will be d iffe rent in 
d i ffe rent situations , the best we can do now is attempt to identify the lessons we 
have learned from our various case stud ies. All our s tudies have contributed in­
sigh t s ,  but the budworm (Chapte r 1 1 ) and salmon (Chapter 1 2) work ,having gone 
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farther toward introducing concre te change within agencies , have been the major 
learning experience .  l3oth these case studies give the flavor of the inst i tutional 
complexity that faced us . 
In the b roadest sense ,  the s teps described above for the assessmen t p rocess s ti.l l  
apply . There is , however ,  greater explicit emphasis on designing a range of alte rnative 
policies and on involving a larger variety of institutions.' role playe rs ,'. and con­st ituencies in the ac tual design and evaluation. As a result 1t takes more ume , more 
flexibil i ty ,  and more adap tive response to opportunities as they eme rge . 
The major conclusions d rawn from our e fforts to implement the process and 
techniques within opera ting agencies follow: 
1 .  Transfer of  analysis , of  the process ,  and of techniques means more than 
mailing the computer codes anu wri t ing a report . It also requires a progrJm of work­
shops and intense "user" involvement so that the local scientists and manage rs 
end up as the real and acknowledged exper ts .  A measure of success is the ex ten t  
t o  which the original analysis group becomes less and less visible and the local 
groups more and more visible as the p rogram moves into implementation. The 
initia tors' very s trong and markedly p arental inclinations to keep control too long 
must be resisted, or t ransfer will fail. 
2 .  Vigorous ins.t i tutional support and protection is necessary but not sufficie n t ;
t he  p olicy design approach can be  t ransfe rred only to people , no t  to depar tments . 
Respected local leadership of the p rogram is essential . 
3 .  The analysis must be  made fully t ransparent and inte ract ive . Hence ex tensive 
use of  graphlc p resenta tions (Chapter 9) and an interactive compute r envi ronment  
are  impo.riant to ·allow easy examination and modiftcation of model assump tions .
Cooperating scientists and managers can the refore explore their own experience and 
assumptions in the context of the models and so develop a cr i t ical understanding of 
the s trengths ,  weaknesses ,  and limitations of the analysis. 
4. Communication of the results must go beyond the t radi t ional wri t ten forms. 
Modular slide-tape presentations describing the approach , the problem , and the 
model can communicate the essential features vividJ'y and rapidly without com­
promising content (Chapte r 9) . In the budworm s tudy , for example , a 4-minute 
motion pic ture of space-time dynamics under various management regimes be t t e r  
revealed that behavior than any amount of  s tatic d iscussion and analysis. 
5 .  A sequence of participatory workshops beginning with scientis t s ,  proceed ing 
to managers , and ftnally involving pol icymake rs builds a foundation of  confidence 
and understanding. A "top-down" sequence would , by contras t ,  fo rce the technica l 
analysis group into a premature position of p rominence , al ienating local experts and 
promoting little but suspicion. 
6. The final - and pe rhaps the most restric tive - requirement of e ffec t ive 
transfer  is time. The budworm policy analysis per se took less than 6 months ;  the 
full program to implementat ion more than 3 years. Sumc of this t ime wus spen t  in 
the workshops described ubove and in Chapte r 4 ,  but much wus an incub a tion 
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par ticular area of concern .  Thus , a wild l i fe biologist migh t  b e  consul ted about  thee ffects of a dam on big game animals,  an economis t about e ffec ts on recreation, a hyd rologist abou t water  flows , and a f1shcries b iologist abou t e ffects  on fish . How­eve r ,  this approach often omi ts considera tion of c ross-d isciplinary interac tions , suchas the e ffec t  of changing rec reational demand on b ig game and fish populations(Wal ters ,  I 974). 
In  con tras t ,  the interdisciplina ry team approach exemplified by many recen tresearch programs has a t t empted t o  promote communica t ion among disciplines , which wus lucking in the fi rs t  ul t cmu tivc . Co1 1 1 pu l e r  models urc usually the focus of th ese team e ffor t s ,  and because these teams involved many d isciplines ,  themod els a rc usually la rge and complex . Howeve r ,  i t  is now believed that the original go:ils or many of these learn e ffor ts  were not 1 1 1 e t  (I l l>komb Resean.:h lns l i l u l e ,
1 9 7(1 ;  M a r ,  1 974 ;  Mi tchel e t  al. ,  1 976 ;  Wa l l ,  1 977) .  The resean;h was 1 i u t  sig-1 1 i lkan l ly 1 11orc in tegrated th;in in non tea1 1 1  p rograms (Mi tchell et al., 1 97(1) ,  and models originally developed for research purposes were not necessarily appropria teror decision making (Holcomb Research I nsti tute , 1 976 ;  Pe tennan , 1 977a).  In add ition , the la rge number of peopl e ,  la rge budgets (S J-2 mil l ion/year) and longlime frame for project completion (- 5 years) c rea ted an envi ronmen t  where studies within d isciplines became bogged down in d e tails i rrelevan t to the manage­lllen t  ques tions,  where c ross-d isciplinary in teract ions were ignored , and where group activi ties d ri fted off in d i ffe ren t  d irec t ions , (Ford Founda tion ,  1 974;l lolcomb Research Inst i tu te , 1 976 ;  and Mar ,  1 974) .  Moreover ,  the  highly complexmodels that resul ted from these large team e fforts often defied understanding byei ther  the modelers or the c l ient decision l l lakc rs (Lee , 1 97 3 ;  Holcomb Resc;in:hI n s t i t u t e ,  1 976) .  
J3oth the interdiscipl inary t e am approach and the fonnalization of  the envi ron­men tal assessment  process were nobly motiva ted e fforts ,  often expensive and experimen tal because they we re so new. It is the his tory of tha t experience , ofsuccesses and of  failures,  that has led to a thread of tested concepts and techniquestha t  dese rve broader applica tion . TI1e failures were bo th expected and necessary ; t h a t  is how we lea rn .  Since the approaches have been admirably reviewed e!se­wht:re (Ackerman et al. ,  1 974 ;  Council on Environmen tal Qual i ty ,  1 976 ;  Dasll lann 
et al. ,  1 97 3 ;  Ford Founda tion , 1 974 ;  Holcomb Research I nsti tute , 1 976 ;  Lee ,  1 97 3 ;M a r ,  1 974 ; M i tchel! et al . ,  1 976 ;  O'Neil l , 1 9 7 5 ;  Peterson, 1 976 ;  Schindler ,  1 976 ;Wa t t ,  1 977) ,  we will only comment tha t  these fai lures appear to have been  con­seque nces of  inexperience in b ridging the gaps be tween disciplines, data,  techniques ,
knowledge , ins t i tu tions,  and people . 
WO R K S H O P S ,  T H E  C O R E  O F  A D A PT I V E  A S S E S S M E N T
In contrast t o  the individual-d iscipline o r  brge -team approaches to environmental 
impact assessment and resource manageme n t ,  we have used an approach to b ridging
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some of the above gaps tha t  depends upon a smal l  group of  people that  interac ts
with a wider se t of  experts during a se ries of short - tenn ,  in tensive worksho?s .  Most
of  our workshops have used the construction of  a quant i ta tive �1ode_l as a l ocus fo rd iscussion , b u t  as we will demonstrate la ter ,  many benefi ts will ans e  from work­
shops even if other· predic tive me thods are sub
.
s t i tu ted . I3oth the process and the
product of these workshops arc d i rectly applicable to assessrncn t and manage -
ment p roblems . . . Involvemen t  of small t ean1s and short t ime spans 111 these workshops c i rcumven ts
the scientist's na tural tendency to b reak  problems d own in to  comp onent s ,  ,md 
those components down in to  subcomponen ts , and so on. This tendency is a natura l
response to complexity and is del ibera t e ly encou raged in d iscipl inary t raining,
l!specially in b iology. Bu t it is o l'tcn not suitable for Jealing wi th  m:inagl!mcnt
rn 11cc ms  that arc at  a J i ffc rcnt ll!vd rrom those of  the  sden t is t  (Mar ,  1 974) and
that arc likely to  lie between usuul a re as o r  d isciplinary in lt:rest  and training.
I nstead , a small group of  people working wi th a specific goal (model) in a wel l ­
s tructured  a tmosphere over a shor t period of  time has advantages . Participan ts a re
forced to  recognize that not  all the components of biological or economic sys tems
are of equal importance and that  judgments will have to be made abou t the relat ive
importance of the various pieces of the problem. Some details of workshops , such
as size of group and budge t ,  have already b een  d iscussed in Chapter 3 .  
From experience i n  more than two d ozen cases (e.g . ,  Himamowa ,  1 97 5 ;  Clark
et al . ,  1 97 7 ;  Wa l te rs ,  1 974 ;  Wal ters and Pe terman , 1 974;  Wal ters et al. ,  1 9 74 ; 
Part II o f  this volume) ,  we have found that  small teams in te racting through mode ling
workshops over a rela tively short t ime can success fully carry ou t an assessmen t
while addressing the  three issues raised a t  the  beginning of this sec t ion . Wa t t  ( 1 977)
and Mi tchell et al .  ( l  976) have a lso concluded tha t  smal l  teams are most  p roduc tive .
However ,  success can be achjeved only i f  appropriate people are involved at the
var ious s tages o f  analysis. The main par t icipants arc d isciplinary specialis t s ;
me thodologis ts who are  familiar wi th  techniques of analysis such as  modeling ;
and decision makers who w il l  ul timately use the i n forma tion tha t  resu l ts from the
analysis .  
There are obviously many environmental problems that cannot be solved wi thou t 
long-tem1 s tudies by large resea rch teams.  J3u t  i t  is poin tless and was teful to in i t i a te  
such s tudies without a c lear  and rel iable strategy for insuring cont inued coord i ­
nation and cooperation , particularly on issues that  the  individual specialists wi l l
tend to avoid .  We suggest that modeling workshops can help to provi de a b ru in fo r
the body of  the research tean1 - they p rovide period ic reassessmen t and  redirec t ion .
We have used workshops in three ways during our studies of envi ronmen tal
problems. Firs t ,  workshops a re an e ffec tive way to  begin a problem analysis ,  that 
i s ,  t o  b ring p eopl� togetl1t: r ,  to define the problem clearly , to examine ex is l ing da t a ,
to formulate some ini t ial predictive scheme , and  to identify fu ture steps in the
analysis . Second , workshops can form the backbone of a longer tenn ,  in -depth
analysis in which al ternative models or pred ictions are made and al ternat ive
higher kvel administra tors , a long with other participants ,  should be provided with 
a series of  payoffs during  the course of  evalua tion (Holling and Chambers , 1 973) .  
The problem analysis can often resul t  in  substan tial reordering of  resea rch priori ties 
and iden tif1cation of new data  requi remen ts ,  a benef1 t  to research.er and admini ­
s l  ra tor alike. 
Th e 11 rst workshop f;; the special ists ,  adminis t ra tors , and me thodologis ts can 
take the form of  one or  two 3-5 -day sessions whose goal is to produce a working 
fi rs t-approximation model that can be used for testing alterna t ive m an agement or 
deve lopment schemes .  A common reac tion to an early at tempt to build a model is 
the feeling that not enough data  arc availab le .  Howeve r ,  we have found that i f  
useful data a re  eve r going to be  collected in  a research program, some conceptual 
models must exist t o  guide the col lec tion . Jn  an attempt to quant i fy those con­
ceptual models , the assumpti ons underlying them a re brough t  out in to the open 
and appropriate tes t d a ta are more clear ly de f1ned . Thus ,  with a modest amount of 
basic survey information and knowledge of s imi lar  sys tems, the f1rst workshop 
can begin .  
The key elemen t  of this fi rs t workshop, a s  well as of  subsequent  ones ,  is the 
small core team , in  ou r cases made up largely by people with some background in 
both the methodol ogy (sim ulation modcling) and some resource d iscip l ine . Th i s  
group in tegra tes the  informa tion provided by specialists and managers . I f  and wh<:n 
subsequent  workshops a re conducted to  deepen and broaden the analysis , this 
core group -p rovides the cont inui ty of experience n.ceded to  carry on the problem 
analysis . For those readers tha t have li t tle expe rience with works.hops of  this type,  
we must emphasize that  most  of the art of conduct ing them i s  in  dealing w i th 
people , not  in facil i ty wi th techniques. Holling and Chambers ( 1 973)  and Walters 
( 1 974) d iscuss some of the "people" lessons revealed through our own experiences , 
b u t  the best and quickest way to learn modes of successful operation of workshops 
is to bui ld a body  of e x pe rience by co1Hl uc ti11g some .  I\ fu ll desc ription of thi: s teps 
we have taken in lir s t  workshops , those 1.kvoted to ini tial problem analysis , fol lows . 
TI I E  WOilKS I IO I' l'llOCESS 
Firs t ,  some management goals need to be defined ; even for a developmen t scheme 
there must be some overall objec tive . Even if  the decision makers p resent agree on 
an objec tive , a wide range of a l ternative objec tives should s t il l  be  considered so 
that the model can be responsive to possible fu ture changes in  objec t ives (Holl ing 
and Cla rk ,  1 975 ) .  By a range of objectives , we mean goals as ex treme and as simple 
as maximizing economic re turn from a rcncwal., Je  resource versus preserving the 
natu rul s ta te of that rnsou rcc . While nu unc of  tlwsl.l goals would b<: rea!is tit: , to­
ge the r they would cover a wide enough range that any real objec tive would full 
somewhere wi thin it (Clark er ul . ,  1 977) .  TI1e importance o f  an early s tatement of  
questions to  be  answered by the exerc i se cannot be overemphasized .  J\s Brewe r 
( 1 975)  points ou t ,  too many modcb have been bui l t  with unclear program goa l s ,  
resul t ing in too  many ina rpro pr ia t1.· 1 1 1 1 id ds . 
Next , i t  is necessary to iden t i fy the variables, or indica to rs ,  that the c l i en t 
d ecision make rs can use to judge h ow well a l te rnat ive management  act ions me� 1  
given objec tives. These indicators a r e  really per fo:mancc lllCasurcs, .such as lcv� I  o f  employme n t ,  number of  animals harvested , .or �lowat ts .of �lec tnc1ty produced .  As  a consequence of the  identification of obJect1ves and 111d 1ca tors , the problem 
to  be  ana!yzed begins to  be  bounded . Fu rther decisions h.ive to be  m� de con­
cerning the range of  manageme n t  ac t ions to consider ,  the tem poral �onzon and 
resol u tion, the s·pat ial ex tent  and resolu tion , and  the ecosys t em vanables  to  be 
included .  For exampl e ,  should a sallllon f1sheries model  conside r  a set of 1�1anage ­
ment  actions ranging from building of  e nhancement (art i ficial propagat ion) l a,: i l i t i� s  
d own to  specific controls on i nsurance against  bad times? Sh�ul.d t.he model c�� -ider only one small fishing area and the boat  movemen ts wi thin 1 1 ,  or shoulu I t  
�onsider  the  whole coast and  moveme nt  o f  boats be tween areas? Should the model 
explici tly consider al l  species of  fish tha t poten tially in te ract wi '.h salmon , or 
should only the major salmon species be  accoun ted for? These questions are of the 
type tha t  define the p roblem, and their answers a re , i n  large pa r t ,  de tem1ined . by the management needs estab l ished earl ier.  A d etailed example of problem def1n 1 t 1on 
in the spruce-budworm/forest-management  case study can be  found in Chapter  I I .  
This first s tep of  def1n ing or bounding the problem through inc.l ica tor iden t i fica t ion 
is very cr i t ical ; the rest of the analysis wil l  in large pa r t  re flec t decis ions l l l adc a t  
this early s tage. Too narrow a conceptualiz.at ion o f  the problem can el iminate from 
considerat ion a perfectly viable se t of management  options , or lead to predic t ions  
that  overlook some key manageme n t  concern .  
One o f  the main purposes o f  the workshop i s  t o  promote in terdisc ip l in:iry 
communication and to  focus the scien tist 's expe rtise on the real managcmen  t 
questions that  the assessme n t  is to address. To in i t iate communicat ion,  we h ave 
found i t  e ffective to use a p rocess we  call "looking outward . "  In  the usual kind ol' 
impact assessment or manage1ncnt  des ign program,  each spl!cia l i s t  is ask�d 10 p r c d il' t  
how h i s  own subsystem, such as  the  fish popula t ion or the  vege l a  l ion ,  w i l l  behave . 
His natural tendency is to devise a d e tailed conceptual  or numerical moc.l e l  con ­
sist ing of  many variables and rela t ionships that re Oect curren t  scien t i fk knowledge 
within his d iscipline . However ,  this conceptual model is usual ly more complex than  
is necessary to predic t the behavior of  a subsystem at  the level of 1 1 1an age 1 1 1 <' n 1  
ind ica tors . Worse , each narrow conce p tual moc.lcl usual ly docs not  consid e r  i 1 n p o r 1 -
an t l inks with other subsys tems .  I n  the "looking ou tward" approach w e  s imp ly 
reverse the s tandarc.l quest ion asked of the specialis t .  I nstead of asking ' \vha I is 
important  to  describe your subsystem X?" we ask "what do  y ou need to know 
about all the other subsystel lls in order to predict how your  subsys t cn 1  X wil l 
behave'/"  Thus ,  the special ist is asked to look ou tward at the kinds o f' inpu t s  tha t  
a ffec t  his subsystem. 
After each subsystem has been subjected to this questioning process, each 
specialist p ossesses a l ist of "ou tput" variables wh ose dynamics he has tu d escr ibe  
so that these variables <.:an se rve as  inputs to  other d isciplines .  These c ro ss - t r �mkr  
variabl11s tha t  l ink lh�  subsystems arc essen tial in  describing a pic ture of the ove ral l  
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pute r  temlinals tha t permit ind ividuals to a sk  "what happens i f  . . .  " questions of 
the model can be  e xtremely beneficial in making model  assumptions and l imi tations 
c lear ,  in suggesting further re finements ,  and in revis ing performance cr i teria .  Only 
modest investment in  compu ter  software and hardware is needed to c reate this 
i 1 1 1portant "hands-on" gamin·g capabil i ty (see Chapter  3 again) .  
S l:: C O N D - P H A S E  W O R K S I I O l' S  
The kind uf workshop just described se rves t o  start  a proble111 analysis . The result ing 
1 1 1odcl i s  cle arly inco111pl cte , ·and fu rther e fforts 111ay be required to cbr ify data  
needs .  The next  phase of analysis can involve adu ition:il workshops,  the number 
depending on the problem b eing studied . These workshops a im to revise the model 
and de fine new in formation needs, particularly as ' new data become availab le .  In 
some cases a c redible p rocess o f  evaluation can be  completed with only two work­
sh ops , held seve ral months apa r t ;  othe r cases may require a series of workshops 
that are held ove r a year or two .  The same mix of peopl e ,  though not necessarily 
the same individuals , should par ticipate in these l a ter  workshops : methodologis ts ,  
specialists , and dec ision makers . The t ime be tween workshops is spen t in d ata 
collec tion , model testing, and evaluation o f  management policies (Chapters 7 and 
8) ,  the l as t  two activi ties largely being ca rried out  by t�e small core team . 
Again , the second phase of workshops can be equally valuab le ,  whether  par­
t ic ipants a re operating in an active , in tegrated policy design mode or making a 
relatively independent assessment  of proposed policies . The value derives from the 
more care ful focusing on cri tical issues , data needs,  and ques tions. Some of these 
second-phase workshops were i l lustrated in Chapter 3 .  
T R A N S F E R W O R K S H O P S  
Finally , as the analysis o r  assessmen t  nears complet ion , the phase o f  transfe r  to 
the contracting agency or othe r clients who were not involved during p roblem 
analysis begins . \-!e re again workshops have proved valuable (G ross er al . ,  1 9 7 3 ;  
C l a r k  et a l . ,  1 977 ; Pe terma n ,  1 977a) i n  buth .in  impact assessment sett ing a n d  a 
re sou rce management program. When the model is used as a focus for d iscussion ,  
the  assumptions underlying the  analysis a re  clar ified and  the "client" decision 
makers can ask various questions o f  the model th rough interactive gaming.  This 
so-called "implementa tion" phase is quite c ri t ical ; without a smooth t ransit ion , 
even the best  analyses are incomplete .  Thus , a t tent ion must be given to  the best 
ways of communicating the informa tion . Chapter  9 ,  on communication , illustrates 
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CI FOR, in partnersh ip  w ith  CIR A D , ICRAF ,  the  Un ivers ity of 
Ed inburgh and with the sponsorsh ip of D FI D  (ZF0 104 
/R73 1 5), i s  ho l d i ng a workshop to  he lp  design and i tnp lement 
FLORES , the Forest Land Oriented Resource Envi s i on i ng 
System. FLORES w i l l  he lp explore the consequences at the 
landscape sca le ,  o f  po l i c ies and other i n i t iat ives i ntended to 
i nf luence l and use in  deve lop ing countr ies  i n  the trop ics .  It 
w i l l  provide an access i b l e  p l atform to foster i nterdi sc i p l i nar'y 
co l laborat ion between researchers and fac i l i tate etnp ir i ca l  
tests of  hypotheses and other propos it i ons.  
The workshop w i l l  be  held in Indones ia  dur ing 2 2 January to 4 
February 1999 .  Part i c i pants w i l l  co l laborate to design , 
const ruct and test several components of the system 
fo l low ing the part i c i patory approach p i oneered by Buzz  
H o l l ing .  In  th is  workshop, the emphas i s  w i l l  be on  captur i ng 
the i nteract i ons between hutnan dec is ion-making - mode l led at 
the level of  the ind ivi dual h ousehol d  - and the surrounding 
land,  model led at a l evel approach i ng that of an i nd i v i dual  
f ie ld .  A f ie ld  trip w i l l  form an i ntegral part of the workshop.  
Dr .  Jerome Vanc lay 
Systems Mode l ler 
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Background Information of Jambi F ie ld  Trip 
Sumatra Is land is  3 50 km at i ts  w idest, a lmost 1700 km 
long ,  and is cut in two rough ly  equal parts by the equator' .  
A typ i ca l  W-E cross sect ion of Sumatra resembles a 1 :  10 
sca le model  of S.  Ameri ca: 
- a narrow W.  coastal zone, with a l ong h i story of sett lement 
and relat i vely fert i l e  so i l s ,  
- a h ig h  mountai n  range (Bukit Bar i san i n  stead o f  Andes) 
with atches of young vo l can ic  so i l s  and fert i l e  val leys 
i nhabited from prehistor ic  t i mes,  as wel l as l i m�stone 
outcrops, 
- a p ied mont (fo,0th i l l) zone with co l l uvia l ,  moderate ly  fert i l e  
so i l s ,  
- a l owland penepla in  of  mar ine sedimentary orig i n  and 
leached out acid so i l s  of l ow fert i l ity, d i ssected by r ivers 
in moderately fert i l e  r iver beds (r i vers such as the Batcng 
1 ! 
Hor i  in steed of the Amazon) , 
- a gradual peat swamp/mangrove trans it ion from wet land 
to a shal low sea ful l of sedi ment. 
The r ivers provided the main transport unt i l  the beg inn ing 
of the  20 ' t h  c�ntury and typ i ca l l y  were contro l l ed by c i t ies 
on the  f irst h igh ground when coming i n  from the sea 
(Pa l embangon the Musi  r i ver , Jam b i  c ity on the Batang Hor i ,  
Mangga la  o n  the  Tulang Bawcng) a n d  t�ad ing posts a t  the 
h ighest navigab l e  po int  on  the r iver where it  contacts the 
more fert i l e  p iedmont zone whi ch produced export crops 
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such as pepper (the main  export product of J ombi  in  the 
post . . .  ) and coffee , as  wel l  as NTFP ' s  (various resins,  roton 
etc . ) .  
J 01n b i  Province i s  lo cated i n  the m i dd le of Sumatra Uust S 
o f  t h e  equator) and provides a typ i ca l  cross sect ion of the 
e. co log i co l  zones,  as it neor' ly  co inc ides with the Botong Hor i 
woter'shed , one of  the b iggest r ivers of Sumatra. Some 40% 
of J o t nb i  was covered by p iedmont and mountain forests 
(dense mo ist evergreen) of the Bukit Bari san range. Another 
t\O l'o was covered by l owland tropi ca l  ra in  forest and the 
, ·emo i n i ng (20%) in  the east area by mangrove ,  swamp and 
pea t swam p  forest.  Over the past centuries J ombi  has 
a lternately been a separate sul tanate and part of  a l arger 
power based in  Pa lembang 
A drast i c· change i n  l and use . o ccurred in the f i r st decodes 
of t h e  2 0 '  th centul't when ' para rubber'  (Heveo) spread l i ke 
w i l d f i r'e  and qu i ck ly replaced the voruious nat ive rubbers 
col lected as N TFP. Para rubber pri ces were so i nterest ing 
t hat rubber seed l i ngs were qu i ckly introduced into the 
ex i st i ng free fa l l ow/upland r i ce rotat ion and the forest 
fa l l ows/secondary forests were transformed into ' rubber 
ag roforests ' . Th i s  transformation happened wh i le  a l l  
t ranspor 't was st i l l  r ' iver-based. During the  rubber boom 
a fter WWI a lot o f  outs ide l abour was attracted to work as  
shore- toppers, and part  of  thetn settled and stayed on.  
When the  bootn was over,  Jatnb i  returned to a ' backwater ' 
pos i t i on ,  but rubber wa::i f i rm ly estab l i shed �s the main cash 
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earner and basis of  trade and local  i ndustry.  Away from the  
r' i vers forests remained and  the  ' Anak Suku Da latn ' (bet1er' ' 
known under the derogatory natne ' kubu ' ) kept enough space 
for their spec i al i zed NTFP gather ing .  I ntens ive l ogg i ng .  a l ong 
with major  road construct ion projects (Trans-Sumatra 
h ighway and feeder roads) and transmigrat i on  sett lements 
h ave caused a dramat i c  change over the pas t 25 year 's .  
There i s  hard ly any lowland trop i ca l  ra in forest left in 
J amb i ,  and only some of  the footh i l l  and mounta inous 
fo rests are protected.  The rubber agroforests have become 
the main reservo i r  for  forest b iod iversity, but the current 
t rend to rep lace them by large-scale o i l  pal tn p l antat i ons w i l l  
leave l itt le o f  their current va lue. Th e  mangrove �one and 
peat swamp has become the ' last front ier ' .  
In th i s  tr ip ,  we w i l l  v is it  two o f  the ' benchmark s i tes '  whi ch 
were characterized dur ing the f i rst two phases of the 
A lternat ives to S lash and Burn (ASB) project : 
as part of a land use intensity gradients that typi f i es 
,! 
low land Sumatra. 
1 .  Bungo Tebo : 
Th i s  area i s  a d i ssected penepla in ,  consist i ng of ac i d  
tuffaceous sedi ment. the  elevat ion genera l ly be low 100 rn.as l .  
The so i l s  i n  this area are very deep , we l l  dra ined , very ac id , and 
have low so i l  fert i l ity status. In the f ie ld  tr ip  we w i l l  v i s i t  the  
penep la in  ASB benchmark area to see m ixed fru i t  agroforest 
and jung l e  rubber belong ing to  the local people ,  transm igrat i o n  
vi l lage, degraded land dominated b y  along-a long (Imperato sp . ) ,  
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food c 1'op base systems, a logging concession,  o i l  pa lm 
p l antat ion and i ntensively managed rubber. 
2 .  Rantau Pandan : 
Th i s  0 1'eo represents the p i edmont zone ranging from 100 to 
500 m.as l .  So i l s  are composed of l atoso l - l itosol complexes 
w i th f ine texture. The jungle rubber or rubber agroforest i s  
the predom inant farm ing system i n  th i s  area. The other land 
use types i n  this area are wet land r i ce f ie ld  (sawah) ,  shrub 
l and (bel ukar) and garden (kebun) wh i ch i s  usual ly pr ivately 
owned and tradeable. The garden systems were or ig ina l ly 
from belukar or pr i mary forest and are commonly p lanted 
w i th  jung le  rubber and c innamon. In the f ie ld  ·tr i p  we w i l l  v is it  
the p i edmont ASB benchmark area to see the rubber 
agrofor·ests and other l and use in  th is  area where l itt le in­
m igrat ion has occur·red and where major threats to  the agro 
ecosys tem come through the logg ing �oncessions in  the h i l l s .  
J amb i  tr ip  day 1 :  
TI1e f ie ld  tr i p  w i l l  start on Sunday, 2 4  Jan, departi ng from the 
Novote l  hotel  at 09 .00. We wi l l  travel to  Muara Bungo ( 2 50 km 
from Jamb i )  go ing upstream a long the Batang Hor i ,  on the way 
we w i l l  see landscapes dominated by rubber,  a few patches of  
low land forest and several o i lpa lm p lantat ions and industr ia l  
defo restrat ion .  We w i l l  stop at Bukit Sar i  National Par·k for 
l unch .  After l unch we wi l l  make a stop in  the Sepungur area to 
see one of  the ICR A F  experi ments on rubber .:igroforestry 
systems (RAS). We w i l l  arr i ve at Muara Bungo l ate in  the 
afternoon and stay in  Swarna Bhumi  hotel .  
- 5 -
"Jambl Transect" 
J ambi  tr ip  day 2 :  
Part i c i pants may select one o f  3 a lternat ives. Two groups 
w i l l  go to Rantaupandan and the other g roup w i l l  go to Muora 
Kuamang i n  the Bungo-Tebo benchmark area. 
Rantaupandan Trip 1 
· (leader: Dr. Gede Wibawa /Indonesia Rubber Institute) 
In th is  area we w i l l  v is it  the "p iedmont" ASB benchmark 
area to see var ious types of  rubber agroforest inc l uded in  
experi tnents · of the Smol lho lder Rubber Agroforesty 
Project .  Part 6f  rubber agroforests ar'e ma inta i ned on a 
rotati onal basis with s lash-and-burn land c lear ing methods 
used for rejuvenation.  Another part is rej uvenated at gap 
l evel and al lows more chance to develop its loca l  forest 
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resemb lance. The major threats to  the agro-ecosystem 
come through  the logg i ng concess ions up h i l l s .  The upper 
reaches of  the va l l ey adjo i n  the Keri nc i  Seb l at National 
Park ,  and further expansion of  v i l lages is no longer poss i b l e. 
A f i nal stop w i l l  be  at the Rantaupandan waterfa l l  t o  see a 
smal l  remnant of  the or ig ina l  forest preserved as nature 
reser·ve. We can c l imb  up a long the waterfal l to see one of 
1 he A S B  survey s ites .  
Ran taupandan Trip 2 (Leader : Dr. Chris Legg I 
EU Forest Inventory c,nd Management Project) 
In th i s  area we w i l l  v i s i t  the EU Forest Inventory and 
Management Project wh i ch  is l ocated near Sungai Tel ang to 
see a range of agr i cu ltura l  p1°act ices,  from sawah ( irr igated by 
wheels in p laces) through  fruit groves and forest rubber to 
new ladang . We w i l l  hopefu l ly be ab le to see the forest edge i n  
the m idd le  d i stance how cu lt ivat ion ,  tradit iona l ly  conf ined to  
t he  vo l l eys ,  i s  gradua l l y  spread ing up  steeper s lopes. We w i l l  
t hen dr· i ve s lowly back to Muara Bungo, stopp ing 3-4 t imes to 
see trad it iona l  v i l lages, sma l l ho l der rubber, the effects of 
natural barr iers (r iver Bungo) and a v i l lage market (hopeful ly 
act ive so the range of  produce can be seen). Part i c i pants w i l l  
have satel l i te images and vegetation maps from FIMP (one 
between 2 persons), and w i l l  be s_hown the use of GPS i n  
pos it ion f ix i ng for ground-checking maps and images. They wi l l  
a l so have extracts o f  the FIMP soc io-econom ic  database for a l l 
vi l lages that we v i s i t ,  and there w i l l  hopefu l ly  be d i scuss ions of  
d i fferences between v i l lages (access, d i stance from forest , 
extent of  va l l ey land etc). 
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Muara Kuamang Trip 
{leader: Dr. Meine va.r, Noordwtjk I ICRAf) 
We w i l l  v is i t  the penep la in  ASB  benchmar'k area and see 
four types of ' a ctors ' :  l ocal peop le  with the ir  rubber 
agroforests ,  rejuvenated by s l ; ash-and-burn or by gap 
replanting, long t erm spontaneous m igrants ,  sett led in the 
19 20 ' s and comb in ing wet r i ce  f ie lds w ith more intensive 
rubber product ion , government sponsored t ransmigrants 
from about 20 years ago and the large-sca le o i l  pa lm  




The agenda of FLORES Model Des ign Workshop 
= - · - 22 January - 4 February 1 999 
Friday, 22 January (Day 1): 
1 4 . 3 5 :  A l l  part i c ipants ore expected t o  arrive i n  Jam b i ,  
Central Sumatra. Most part i c i pants w i l l  arr i ve 
d irectly from Jakarta by Mandala RI 0 2 2 .  We w i l l  
stay at Novotel Hotel i n  J amb i .  
19  .00: Wel come party for al l part i c i pants. 
Venue: Conference Room 2"d f l oor Novotel hotel 
Sa turday, 23 January (Day 2): 
07.00 : Breakfast 
08 .00 : Introductions!  FLORES Concepts 
(venue: Telanai Pura) 
10 . 30 :  Coffee break 
1 1 .00: AME and p FLORES 
1 3 .00:  Lunch (Coffee Shop Mayang Mangurai) 
14 .00: Fish Banks game (venue: Telanai Pura) 
AME Tutor ia l ,  hWX 6 part i c i pants (Kuala Tungkal Room) 
19 .00: D i nner (Coffee Shop Mayang Mangurai) 
Sunday, 24 January (Day 3): 
07.00 : Breakfast 
08 .00 : Par·ti c i pants check out from the hotel .  
09 .00: Travel to Muara Bungo ( 2 50 km from Jamb i) .  
Lunch at Bukit Sari Nat ional Park. 
Overnight i n  Swarna Bhumi Hotel 
19  .00 : D inner at Pondok Bambu restaurant 
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Monday, 25 January (Day 4): 
07.00: Breakfast at Swarna Bhumi  Hotel 
08 .00: F ie ld  t r i p  to Rantaupandon and Muoro Kuamong or·ea 
P i cni c l unch i n  the f ie ld for each g r·oup . 
D inner at La_ke S ingkarak ( 2 3 5  frotn Muora Bungo) on 
the way to Bukitt ingg i .  Stay i n  Pusoko Hotel dur ing 
the workshop .  
Tuesday, 26 January (Day 5): 
07.00: Breakfast 
08 .00: Issues and Opt ions for FLORES (Dang Tuanku Room) 
10 .00:  Coffee b reak 
10 .30 :  Model Framework and Submodel l i nkage 
1 2 .00: Lunch · 
1 3 . 30 :  D i scussion 
19 .00 : D inner at Pusako Hotel 
Wednesday, 27 Janucry (Day 6): 
07.00: Breakfast 
08 .00: Team work on submode l s  
1 2 .00 : Lunch 
Coffee and tea are ava i lab le  throughout the day. 
D i nner at venue of your cho ice 
.;•,t 
Thursday, 28 January (Day 7): 
07.00:  Breakfast 
08 .00 : Team work on submode ls  
12 .00: Lunch 
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Coffee and tea are ava i l ab le  throughout the day. 
D inner at venue of your cho i ce 
Friday, 29 January (Day 8): 
07.00 :  Breakfast 
08 .00 : Team work (work ing prototypes are expected by 
even i ng of th i s  day). 
Coffee and tea are ava i lab le  throughout the day. 
D i nner at venue of your cho i ce 
Saturday, 30 January (Day 9): 
07.00: Breakfast 
08 .00 : Team work on submodels 
Coffee and tea are ava i lab le  throughout the day. 
D i nner' at Pusako Hotel 
Sunday, 31 January (Day 10): 
Today is a rest day for most part i c ipants. Robert 
Muet ze lfe ldt and Jasper Taylor w i l l  l i nk the submodels and 
get thetn work ing .  Some of you might need to f i na l i ze  
sub tnode ls  or wr ite dowmentat ion. We w i l l  organize  c ity 
tou r· fo r· those i nterested i n  sight see i ng in Bukitt ingg i ,  or i n  
shopp ing .  P lease contact N i n i ng o r  K im  for reg i strat ion. 
Monday, 1 February (Day 1 1): 
07.00: Breakfast 
08 .00: Us i ng the completed model 
10.00: Coffee break 
10 .30 :  Val i dat ion,  test i ng feas ib le  scope 
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12 .00: Lunch  
1 3 . 30 :  Model strengths  & weaknesses 
15 .00 : Co ffee break 
15 .30 :  D i scuss ion  
19 .00 : D inner (own cho i ce) 
Tuesday, 2 February (Day 12):  
07.00: Breakfast 
08 .00: D i scuss ion o f  workshop exper iences 
10 .00 : Coffee break 
10 .30:  Need for further work 
1 2 .00: Lunch 
1 3 . 30 :  Role of regional workshops 
15 .00: Coffee' break 
15 .30 :  D i scuss ion 
19 .00: D i nner (own cho i ce) 
Wednesday, 3 February (Day 13):  
07.00: Breakfast 
08 .00 : The way forward, future p lans,  , 
10 .00 : Coffee break 
10.30 :  Potent ia l  donors 
1 2 .00: Lunch 
1 3 .30 :  Mode(app l i cab i l ity i n  d i fferent reg ions  
15 .00: Coffee break 
15 .30 :  Cont inu i ng d i scuss ion 
19 .00 : Farewel l  Party at the hotel 
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Thursday, 4 February (Day 14): 
07.00:  Breakfast 
09 .00 : Go to -Tab ing a i rport in Padang 
Par t i c i pants trave l  home (by Mandala RI06 1  at 1245) 
Usefu l  information for a l l  participants : 
1 .  Facilitator workshop : 
a .  Jerry Vanc lay (Team Leader) 
b .  Robert Muetzel fe l dt 
c .  Harmut Bossel 
d .  Robert Muetzel feldt 
e .  Martyn Murray 
2. Video Documentary: 
a. R i chard Carro l l  
b .  Dom in i c  B r i dges 
3 .  Journalist: Stuart B lackman 
4. Support team during the workshop:  
o .  Jasper Taylor (support AME)  
b .  Yu l iard i  Yusar (Computer spec ia l i st) 
c .  hl i n i ng L i swant i (Log ist i c ,  Ground Transport, F ie ld tr ip  
o r·gan i zer) 
d .  f<atna Ak iefnawat i/ICRA F  (Loca l f ie ld  tr ip  organ i zer) 
e. Cut Fath iah Gathotn (Fax, Xeroxcopy, Typ ing ,  Travel 
Expenses) 
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f. Mei l i nda Wan (Typ i ng , A c co mmodat ion ,  Meet i ng 
Arrangement) 
5. Confirmation Ticket: 
Please conf irm your t i cket accord i ng ly to the Pusako 
Hotel Travel Agent: 
a. Mrs. Her l i ne · 
b. Mr. P iter 
6. Perdiem & Travel Expenses (only for part i c i pants who 
are paid by CIFOR) 
a. Perd iem: Dur i ng our stay in  Jamb i  and B uk i tt i ngg i , we 
w i l l  g i ve perd ietn (d inner and inc i dental on ly) i n  
advance. P lease feel free to choose your own mea l i n  
the hote1 or you m ight try a loca l  food outs ide t h e  
hotel .  Contact person :  N i n i ng L i swant i 
b. Travel expenses: I f  you have trave l expenses , we w i l l  
reimburse your trave l  expenses and transfer t o  your 
personal account1 P lease g i ve your rece i pt and deta i l  
account number t o  us. 
Contact person :  Cut F. Gathom 
1. Other tinportant information
a. We w i l l  cover a l l  the cost of d inner· i n c l u d i ng soft
dr ink ,  j O i ce and beer fo,, a l l  part i c i pants on the 
fo l l ow ing date :  
2 2 Jan: Novote l  Hotel 
24 Jan: Muara Bungo 
25 Jan: Lake S ing karak 
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Proposed Teams during the workshop in Bukittinggi 
No Description 
-
Crops-Soils- Water Team 
1 .  Meine van Noordwijk 
2 .  Rob in Mathews 
3 .  Peter Jones 
4 .  Fergus  S i nc la i r  
5 .  Attachai J i ntrawet 
6 .  Stephan Weise 
7 .  Betha Lusiana 
8 .  Pornw i la i  Saipothong 
Trees & Forests Team 
1 .  M i ke Sp i l sbury 
2 .  Ravi Prabhu 
3 .  James Gamb iza 
4 .  Nur Masr ipt in  
5 .  Chr i s  Dake 
6 .  Bruno Verb i st 
7 .  Oscar Garc ia  
NTFP-Biodiversity-Fauna 
Team 
1 .  John Pou l sen 
2 .  Sonya Dewi 
3 .  Ph i l i p  Nyhus  
4 .  Pau l  Vantomme 
5 . A l lan Watt 
6 .  Doug She i l  
Institutions & Country 
ICRAF,  Indonesia 
Cranf ie ld  University, UK 
CIAT, Co lombia 
Un ivers ity of  Bangor, UK 
Chiang Mai Un iversity, Thai land 
ICRAF ,  Cameroon 
ICRAF, Indonesia 
ICRAF,  Ch iangmai 
CI FOR, Indonesia 
CI FOR, Indonesia 
Un ivers i ty of Z imbabwe, Zimbabwe 
MOF & Estate Crops, Indonesia 
Massey Un iversity, New Zealand 
I CRAF, Indonesia 
INIA ,  Spain 
CI FOR, Indonesia 
CI FOR, Indonesia 
Sumatran Tiger Proj�ct, Indonesia .. 
FAO , Italy 
I nstitute of  Terrestrial Ecology, 




� ) . .: t ; 





3 .  






I .  
2. 
3. 





Household and Village 
Decision-making Team 
Franco is  B ousquet 
Ch imere D iaw 
Caro l  Co l fer 
Mart i ne Antona 
David Thomas 
Institutions & Country 
CIRA D,  France 
Yaonde, Cameroon 
CI FOR, I ndonesia 
CIRA D .  France 
ICRAF ,  Ch iangmoi 
olm-Pa I tner�-------J...ll!:.ill.r-1,...U:...­
Thomas Evans 
Laxman Josh i 
Mandy Hagg ith 
Corporate decision-making 
and Client is;ues Teom 
Ph i l i ppe Gu izo l  
Bob McCormack 
Daniel Murd iyarso 
Kather i ne Monk 
Gede Wibawa 
Mohd Noor b i n  Mahat 
Chr i s  Legg 
., •.: 
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I nd iana ,  USA 
ICRAF, Indonesia 
UK 
CIFOR, I ndonesia 
CSIRO , Austra l i a  
ICSEA ,  I ndones ia 
Gunung Leuser NPar· k .  I ndonesia 
Rubber Resear·ch Inst i tute ,I nd .  
FRIM ,  Malays ia 
EU - FIMP, I ndonesia 
Address l ist partic ipants FLORES workshop 
No  
1 . 
2 .  
3 .  
4 .  
5 .  
6 .  
NAME 
A l l a 1 1  D .  Watt 
. -- --·-------·--
Att<1cl1a i  J i 1 1 t rawet 
Betha Lus iana 
Bruno Verbist 
C . F .  Gat hom 
Carol  Co lfer 
POSTAL ADDRESS 
I nst i tu te  o f  Terrest ria l  Ecology 
Bush Esta te ,  Pen icuik ,  Midlot 1 1 ian EH26 OQB, 
Scotland ,  UK 
Emai l :  adw@i te . ac .uk 
Te l .  4 4  1 3 1  445  4343;  Fax. 44 1 3 1 445 3943 
Mu l t ip le Cropping Center  
Ct 1 iang Mai  Universi ty ,  Ch iang Mai ,  50200, 
THA ILAND 
Ema i l :  a t tachai@mcc. aggie .cmu. ac. t l1 
Te l . :  66 53  221 275 ;  Fax. 55 53 2 1 0000 
I CRAF 
P .O .  Box 1 6 1 , Bogar 1 600 1 , INDONESIA 
Emai l :  B . Lusiana@cgiar. org 
Te l . :  62 25t 625 4 1 5 ;  Fax . :  62 25 1 625 4 1 6  
ICRAF 
P .O. Box 1 6 1 ,  Bogar 1 6001 , INDONESIA 
Emai l :  b.verbist@cgiar . org 
Tel . :  62 25 1 625 4 1 5 ; Fax. : 62 25 1 625 4 1 6  
C I FOR 
P.O.  Box 6596 JKPWB, Jakarta 1 0065, 
I NDONESIA 
Emai l :  c.gathom@cgiar .o rg 
Tel . :  62 25 1  622 622 ;  Fax. : 62 25 1  622 1 00 
C IFOR 
P .O .  Box 6596 JKPWB, Jakarta  1 0065, 
I NDONESIA 
Emai l :  c .colfer@cgiar .org 
No NAME 
7 .  Chi rnere Diaw 
POSTAL ADDRESS . 
C IFOR 
P .O .  Box 6596 JKPWB , Jakari ci  1 0065 ,  
I NDONESIA 
Emai l :  c .d iaw@cqia r.corn 
Te l . :  62 25 1  622 622 ;  Fax . :  62 25 1 622 1 00 
-- ---·------4-----------------
8. Chris K.  Dake System model l ing (Forestry/Ag ricu l t u re) , I ns t i t u te  
of  Na tu ra l  Resources, Col lege of Sciences ,  
Massey Un ivers i ty ,  P rivate Bag 1 1  222 ,  
Pa lmerston Nori �1 . NEW ZEALAND 
Emai l :  C .K .Dake@rnassey"�U� 
Tel .  I Fax. : 64 6 350 5680 
::- J -- -·--·------'�-------- ---
t 9 .  
" I ! 
Chris Legg Forest I nven tory and Mon i toring Project 
Gedung Mangga la  Wa11abakti . P .  0. Box 76 1 2  
JKP 1 0076 
Jakarta , INDONESIA 
Ema i l :  l l egq@cbn . ne t . id 
Tel . /Fax . :  62-2 1 -572-02 1 1 
- ---�------1---------------�- -� 
1 0 .  Danie l  Murd iyarso B IOTROP 
1 1 . · David E. Thomas 
JI .  Raya Taju r  Km6, PO Box 1 1 6 
Bogar, INDONESIA 
Ern�i l :  d . rnurd iyarso@icsea . l 1 r  id 
· . Te l . :  62 25 1 371 655; Fax. : 62 251 326 85 1 
ICRAF 
Ch iang Mai U n iversi l y ,  Ch iang Ma i .  THA ILAND 
Emai l :  d . thomas@�@.L.Q.!:Q 
Tel ./Fax . :  66 5 3  943 799 or  806 993 
... .. � . · I -------1----------------- ------· 




1 Sans Walk ,  C lerkenwe l l .  Lo 1 1do 1 1  EC1 R OLT .  U f< 
Emai l : felt . london@dia l .pipex.com 
Tel . :  44 1 7 1 336 6824;  Fax. : 44 1 7 1 336 6825 
Te l . :  62 251  622 622;  Fax. : 62 25 1 622 1 00 . ''· L L.___..t.._ ______ ��..;...;;._;..._ ___ .:__ __________ r .; . .  .___._ ______ ....__ __________________ ___J ':t, 
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No  NAM E POST AL ADDRESS 
1 3 . Douglas S.he i l  C IFOR 
P .O .  Box 6596 JKPWB, Jakarta  1 0065, 
I NDONESIA 
Emai l :  d . shei l@cgiar.Q[Q 
Te l . :  62 251  622 622; Fax. :  62 251 622 1 00 
--- ---
1 4 . Fergus S incla i r  Scl10ol  of Agricul tura l  & Fore.St Sciences 
Un iversity of Wales ,  Bangor Gwynedd LL57 2 
UW, UK 
Emai l :  F .L .Sincla i r@banqor .ac .uk 
Tel ./Fax. :  44  1 248 382 832 
1 5 . Francois Bousquet C IRAD-Foret, Campus de  Bai l l arguet ,  BP 5035, 
34032 Montpel l ier, Cedex 1 ,  FRANCE 
Email : bousquet@cirad . fr 
Tel ./Fax. :  
1 6 . Gede Wibawa Pusat Pene l it ian Karel Sembawa Balai penelitian 
Sembawa . J I .  Raya Pa lembang - Sekayu Km 29, 
Kotak Pos 1 1 27 ,  Palembang , Sumsel 30031 
Emai l : irri-sbw@plg.meqa . net . id 
Te l . :  0 7 1 1 3 1 2  1 82 (Horne :  7 1 1  3 1 6  803); 
Fax . :  07 1 1  361 793 
1 7 . Hartmut Bosse! Susta inable Systems Research 
Ga lgenkoeppel 6 B, D 34289 Zie renberg ,  
GERMANY 
Emai l :  h .bossel@T-on l ine .de 
Te l . :  49 5606 824 1 ;  Fax . :  49 5606 534 279 
1 8 . James Garnbiza Agricultural University of Norway 
Department of Biology a nd Nature Conservation : ·_, 1 
P .O. Box 501 4 ,  N- 1 432 Aas-NLH, Norway : " 
Emai l :  james.gambiza@ibn .n lh .no  o r  
ga rnbiza@trep.co .zw 
Tel ./Fax. :  
- 2 1  -
20. 






Jol111 Pa lmer 
John Poulsen 
. PQ�TAL. ADDRESS 
The Un iversity of Edinburgh 
I nst i tute of Ecology and Resource Management 
Darwin B u i ld ing , King's Bu i ld ings ,  Mayfield Roa d ,  
Ed inburg h  E H 9  3 J U ,  Scotl and , UK 
Emai l :  J taylor@srvO . bio . ed . ac. u k  or  
ebfr28@holyrood . ed . ac .  uk 
Tel ./Fax. : 44 1 3 1 662 0478 
C IFOR 
P.O . .  Box 6596 JKPWB , Jakarta 1 0065,  
INDONESIA 
Emai l :  j.vanclay@cgiar .o rg 
Tel . :  62 25 1  622 622 ;  Fax . :  62 25 1 622 1 00 
Manager of DFID's cetral ly-funded FRP ---- -­
Natural Resources ln te ,ia iona l  L im i ted (NR IL) .  
Central Avenue ,  Chat l1a rn mari t ime.  P o. Box 
258 ,  Chatham ,  Kent ME4 4PU ,UK .  
Emai l :  J . R. Pa lmer@greenwich . ac .uk  
Te l . :  +44 1 634 883  365 ;  Fax . :  +44 1 634 883 937 
C I FOR 
P .O .  Box 6596 JKPWB, Jakarta 1 0065 ,  
INDONESIA 
Emam LQQ_ulsen@cqiar . org 
Te l . :  62 25 1 622 622; Fax. : 62 25 1 622 1 00 
· Katl1er ine Monk -:----1----- · Leuser D evelopment Progra1ni11e _ _ ___ _ 
..; 'J 
Ken MacDicken 
J I .  Samanhud i  1 2 , Medan 20 1 52 ,  Sumatera U ta ra 
INDONESIA 
Emai l :  rmid-lrnu@idola . ne l . id 
Te l . :  06 1 5 1 1 061 ; Fax. : 06 1 570 673 
C/o CIFOR 
P .O .  Box 6596 JKPWB , Jakarta 1 0065 .  
INOONESIA 
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N o  NAME 
25 .  · Laxman Joshi  
26 . Mandy Haggi th 
27 .  Ma rt ine Antona 
POST AL ADDRESS 
Emai l :  kgm@rnozcom .com 
Te l . :  62 25 1  622 622 ;  Fax. : 62 251 622 1 00 
C/o ICRAF 
P .O. Box 1 61 ,  Bogar 1 6001 , I NDONESIA 
Emai l :  l .josh i@cgiar .org 
Te l . :  62 25 1 625 4 1 5 ;  Fax. :  62 251 625 4 16  
Thfl  Un iversity o f  Edinburgh 
I nstitute of Ecology and Resource Management 
Darwin  Bu i ldi ng ,  King's Bu i ldings, Mayfield Ro 
Ed i nburgh EH9 3 JU, Scot land, U.K. 
Emai l :  Forests@rnos. com . np 
Tel ./Fax . :  
--- ----- ---1----·------ -----___,;;..i 
28 Ma ,iyn Murray 
29. M. Wan (Kirn) 
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HOUSEHOLD GROUP 
HOUSEHOLD MODEL DOCUMENTATION 
1 Background context 
Feb. 2 7:00 
• FLORES requirements : weekly time step ; spatial unit : a plot ; only one owner per plot (a single 
relationship between an household and a plot) ; household level for decision-making, village level 
aggregation ; modelling of a specific regional Indonesian situation. 
• Summary of basic information on individual, household and village behavior (see Annex 1) :  
household decision on activities related to land use on a short and long term basis 
economic factors related to these decisions 
population issues related to these decisions 
tenure and social issues related to these decisions. 
There are three primary aspects influencing decision making at the household level: 
1 .  Population dynamics within household influencing labour availability, food requirements, etc 
2 .  Economic parameters including material flow in and out of store, and use of the income 
3 .  Household land management decision making process 
These aspects were addressed by developing separate components for each aspect which were later 
combined to form a larger household decision sub-model. (An outline diagram of the sub-model 
would be useful here). The three components of the sub-model are briefly described in the following 
sections. 
Population dynamics 
• A population growth model is used to generate the amount and type of labor available for each 
household. 
• This model generates the (integer) number of household members in the following groups: children 
(age < 1 5), women and men ( 1 5  >= age < 45), and seniors (age >=45) according to specified 
mortality and fertility rates. 
• Men and women are differentiated at adult stage because their labor contributions to land 
management activities differ ( e.g. 1 days work by a man will produce different results than 1 days 
work by a woman) 
• The number of households is static, no new households are created (in-migration, segmentation), 
and no households can leave (out-migration). Thus the concept of an extended family is needed. 
With successive time steps, the number of members in each household grows while the number of 
households stays constant, so the number of members per household increases. Conceptually, 
these members may exist in multiple physical households but for the FLORES model they are 
associated with a single household which is the decision-making unit. 
• The amount of child, female, and male labor is calculated by subtracting the number of members 
who may have left the labor pool to pursue education (a result of the education policy lever). This 
result is passed to the sub-models with labor allocation components. 
Figure 1 . 1  - Population Sub-model 
Economic component 
• The corporate/client group requires economic indicators to be produced by the household submodel 
(within the economic submodel). These indicators are produced at the household level and 
aggregated to the village level (the level at which the corporate/client group was working). 
• .In order to fit with a weekly basis, the household costs of production and consumption must be 
taken into account within the same week with the production and off farm income the next week. 
It implies a two period model. So a first sub-model was built that takes into account the quantities 
produced, sold and consumed (stock sub-model). A second one uses the outputs from the first to 
calculate income (from sales and off farm labor) and expenses (food consumption, other expenses, 
input costs) and debt or investment. Prices, wage rate are fixed externally (exogenous). 
• Consumption is set at a « subsistence » level (not dependent on relative price). That is to say that 
with higher income from agricultural production, consumption will not increase. The excess will 
be devoted to reduction of debt or investment. In this framework, we assume that education and 
health are not dependant on income but on the population model. So households with insufficient 
income are indebted for education. Inability to pay healthcare costs results in higher mortality. 
• Inputs ( costs of production ) are dependant on income. The input expenses are deducted from 
income after immediate food expenses, education and healthcare costs are deducted. When income 
is not sufficient to cover household input expenses the household activity (e.g. clearing or 
stomping) is not a possible decision in the land management sub-model for that time step. The 
remaining income (surplus) is devoted to investment (buffalo and other livestock). 
Figure 1 .3 Stocks Sub-model 
/Desktop/village/household/economy (economics3.ame) Simple 9� EI 
Figure 1 .2 Economic Sub-model 
Household land management decision making 
There are two possible approaches. One is to have households allocate labour according to the 
demands of its production environment. This implies a kind of computational household that 
calculates and optimizes resources, including labour. The second one is to have households allocate 
labour by season, labour availability and main priorities. This implies a household whose behaviour is 
adapted to its environment and therefore the people have some settled idea of what to do. Since the 
site selected has a quite low level of market integration, the group chose to try to implement the 
second approach. 
We first imagined the perceptions of the household about their activities (work). There are conditions 
on the state of the environment/plots and there are conditions on the state of the household. By 
combining those two conditions, we calculate the feasibility of the various activities. With regard to 
land preparation for upland rice, for instance, there are conditions on the plot (such as the yield is less 
than 100 kg/ha/yr and the age of the rubber is young) and there are conditions on the state of the 
household (such as total labour is more than 2, or cash stock is more than Rp. 300,000 eg. The cost of 
hiring ,equipment such as chainsaw or buffalo). 
There is a set of specialized activities, leisure and childcare, which do not require decision-making 
within the model. There are also non-specialized activities, which require decision-making, for which 
rules have been written. The feasibility of the activities is tested. These refer to conditions on the 
plots, for example the state of the forest for logging activities. Variables have been created at the plot 
level on the plot objects. For each potential activity, these variables can have a Boolean values (0, 1 --­
the sub-module is called ''possible rules"). This also refers to conditions on the household state ( e.g., 
the quantity of money) . The same set of variables has been created at the household level. The sub­
module is called "able rules". These two sets of Boolean values are combined to define which 
activities are possible and where. The variable of the household objects is called "ables". 
We then imagined the actions and the allocation of time to those actions. It was necessary to estimate 
these allocations for a number of conditions, both household and environmental . These included 
season and related labour requirements; labor typically performed by men, women, children or old 
people; and other household conditions like amount of cash available or claims on particular plots of 
land. These kinds of conditions are linked to the perceptions described above and to the feasibility of 
those actions. 
From these conditions, we defined a distribution of activities that were then fed to the concerned plots. 
Thee activities were identified as critical to land use management, household income and labor. This 
distribution is defined by proportions of activities allotted to particular tasks ( e.g., land clearing, 
weeding) by particular categories of people (e.g., men, women) multiplied by the number of people in 
each of those categories within the household available to work. Nineteen tables of allocation of time 
have been written as a variable called "re! tables". Priorities for productive labor were set for the 
household (rice, rubber, casual off farm labor and NTFP collection in decreasing order of importance). 
This amount of time is multiplied by the labor (men, women, children and seniors), and combined 
with "ables", yielding "patch labor" within the sub-module. That is an array of activity, plots and 
amount of labor. The resulting activity, called "patch labor" (between the household and patch sub­
modules) is the main output of the overall model of household decisionmaking, for the household's 
interaction with landscape dynamics. 
Figure 1 .4 Decision Making Sub-model 
2. Compromises 
Spatial Scale and field-based model 
• The number of ethnic groups (and hence systems for resource use) has been reduced because of 
the choice of site. 
• Plantation agriculture, transmigration areas, roads, rubber projects were largely removed from our 
consideration by our choice of sites. 
• We could not deal with home gardens specifically because the plot size we had selected was 1 ha 
and home gardens are smaller (we made them part of the village landscape) 
Temporal Scale 
• We also wanted to have some long term decision making (strategic decisions), but we have not 
been able to devote much time to this ( decision on where/how to do rubber cultivation, whether to 
send kids to school, whether to have more children, buy a motorcycle, etc.). 
• The household has only one decision strategy. The modelling of changing strategy for land use 
overtime was not included, because events and decisions related to other time path seemed 
difficult to implement (memory). 
Household Level 
• We had to reduce the number of categories of actors to one (from village, clan, household and 
individual to household only). 
• The specifics of tenure and use rights were grossly simplified because we could only deal with 
households and because the idea of multiple families holding rights over one plot of land seemed 
difficult to implement with AME. 
• The need to have a fixed number of households has meant that our population model has had to be 
modified (and simplified and made less realistic than initially imagined). This aspect should also 
include something on decision-making about child bearing. 
• Our inability to deal with lots of NTFPs (including wildlife, fish, fibres, foods, medicinal plants) 
and minor vegetables means that we cannot make good estimates of labour allocated, yields per 
unit effort or yields per ha. 
AME Specification and Linkages 
• We had to reduce the number of NTFPs, vegetables and other minor crops to just a very few 
because of the huge number. Both of these factors reflect the diversity in the local system that 
serves risk reduction and environmental conservation functions. We would like to be able to 
reflect this better in the system. The absence of these minor products (NTFPs and minor crops) 
means that we have under-valued, in a way, the subsistence aspects of the local system. 
• We originally wanted to include a number of qualitative issues like gender inequity and human 
well being, but could not figure out how to include them without complicating the model. 
• We wanted to include issues relating to labour sharing, like having adjacent plots and trading 
labour. Although we've had some success at that, it is something we feel needs further refinement 
because it needs a link between two different households and a plot. 
• We had to remove rivers, shared pastureland, shared areas for food cultivation of households in 
trouble---because we could not deal with shared ownership or village ownership 
• The fact that the area was long settled means that the total area is probably claimed almost 
certainly by the village and almost equally certainly by households (including the forested areas). 
But we had to make an area a pool of forest, because of the wishes of the NTFP/biodiversity 
group. 
3. Points left out 
Tenure issues/social relations (see annex 2) 
Changes in technology 
Response to prices 
Response to income level (income effect) 
Strategic decisions 
P_lantations/ transmigration 
Individual decision eg. Migration, /age/ tracking education 
Response to rainfall (seasonality, variation year to year) 
Surplus to other investment than livestock 
Level of maximum debt. 
4. Research development needs 
Better integration between economic and anthropological approaches to decision-making ( e.g., norms, 
market issues) 
Different decision-making sets of rules for different ethnic groups (and their interactions) 
Better integration of people's use of NTFPs and biodiversity/sustainability issues 
Addressing these issues in more market integrated areas, especially response to price and income 
levels. 
Improving our ways of implementing strategic decisions (like childbearing, higher education and 
investment in technology) over the long term and with time lags (perhaps using Prolog). 
Develop way to deal with multiple relationships between households and plots. (Many-many, e.g., 
sharecroppers who get no return because the owner is the only one related within the model to the 
plot) 
Improve ability to change relationships (e.g., plot sizes, household segmentation, tenure relationships) 
Annex 1 .  
Information about household context 
The following chart gives some information about the context of the households in consideration. All households 
are farmers practicing subsistence farming. Many farmers have both upland (/adang) and lowland rice and 
majority of farmers also has kebun karet (jungle rubber gardens). Latex from these rubber gardens is an 
important product of the system and main source of household income. Slash and burn ( cyclical agroforestry 
system) has been a traditional system in the area. A few households adopt the system of a permanent 
agroforestry system (locally known as sisipan) where over-mature and senescing rubber trees are gradually 
replaced with planted or retained rubber tree seedlings inside an existing rubber garden. 
Level Decision Household Economic factors Population and social 
constraints, others 
Individual Local Migration non move Off farm wage labor Social cost, schooling, risk 
seasonal opportunity, subsidy aversion 
, Land conditions 
Land use - long Household decision 
term 
Land use - Open new land, plant Availability of land, Family 
seasonal rubber distance, access to land, preference/friendship 
off-farm wage labour I llness and human 
opportunity, equipment constraints (male) 
(chainsaw) Land conditions 
Plant food crop, Food security I l lness and human 
weeding constraints (female) 
Land conditions 
Harvest rubber Collect Equipment, household Tenure rights 
forest products needs Rubber state 
Individual Migration Join the program or Land yield, current income, 
transmigran ts not poverty level, subsidies 
Household local Migration Move Yield income< 0 Attraction of city 
Land use - long Rent land to factory Yield income<O, Regular 
term Income opportunity 
Land use - Open rice field Labour, chainsaw Obligation, tenure rights 
seasonal Household needs, distance 
from road 
Bum Co-operation from other/ 
neighbors, 
Rain dryness of slash. 
Plant rubber Labour, anticipated prices, Soil fertility, marketing 
distance to market, demand constraints, seed provided, 
government prescriptions 
Collect Labor avai lability Rights on tree/land 
Intended use/sales 
Transmigrants M igration/transmi Join/abandon Land availability, poverty, 
gration scheme subsidies, yield 
Village Migration non move Shortage of nearby land Attraction of city -
seasonal consumer goods, religious 
difference 
Accept settlements Labour availability Patriotism, pressure, 
transmigration schemes. 
Land use long Participate in Opportunity cost Modernity 
term government rubber production losses 
scheme Income/labour 
Land use short Sells out and be Off farm wage labour . 
term worker opportunity 
Hire labor and not yield 
planting 
collect Distance (cost of transport), Tenure Rights 
availability of labour and 
rights 
Trans migrants Transmigration Join Natural disaster; 
program development project 
Annex 2 
Discussion of issues deriving from simplification of the modeling effort 
1 .  Unit of Analysis: the household. 
We had to reduce the number of categories of actors/agents to only one (the HH). Individuals, clans and 
villages were not explicitly modeled. 
We are not sure that the sub-model allows for effective differentiation among HH types and behavior. If not, 
what we really have is a proxy for village level decision-making (assuming a relatively homogenous HH 
structure). Theoretically, it should be possible to have several sub-models, each defining a 'type' of HH 
behavior. Presently, however, there is no differentiation of the actors on the basis of strategic behavior or 
specialization. 
Effective village-level decision-making depends not only on HH behavior, but also, to a significant extent, 
.on lineage/clan/village decision-making bodies. The effects (not the determinants) of such decisions could 
be inputted into the HH model, but that would require additional alternatives/ choices/ rules in the HH sub­
model. 
The household was initially defined on the model of a nuclear family (wife, husband and children), 
reflecting available information on HH structure in the study area. With the incorporation of 'seniors' 
(stimulated by the population model), this has turned into a loosely defined 'extended family' .  Other, more 
complex types of HH structure exist both in the region and in other tropical areas and should be considered. 
These issues have a bearing on the population model (see below) and on several aspects related to the social 
distribution ofresources and to decision-making. 
2. Population model: the household. Population growth resulting in an unchanged number of HH is a very 
unrealistic assumption. The HH decision making had to be adapted in order to meet that requirement. 
The population growth model operates on a fixed set of HH. This results in the emergence, overtime, of an 
equal set of undefined 'extended families'. Let's recall, at this point, that the HH model was initialized (to) 
with a nuclear structure. In t,, that latter turns into a very different social entity, without a corresponding 
change in the way it is making its decision (it acts as a lineage making decisions as if it was an HH, or as 
several 'HH' making decision as if they were just one). 
We, therefore, do not have an incorporated, credible mechanism for social segmentation as it relates to 
decision-making. Realizing that is essential. There is an unresolved conflict between the implicit structure of 
segmentation in the 'nuclear family' model (new HH are created at each generation) and the 'fixed number 
of households' in the population model. A choice between the two is needed within the present model. A 
method to segment HH according to the structural dynamic of the society under consideration (a new 
decision-making unit appearing at the 3rd or 4th generation, for instance) should be incorporated in 
subsequent versions of FLORES, as these differences have a considerable impact on decision making. 
3. Migrations: The population model. It could be possible to artificially maintain the assumptions of both the 
population and HH models by sending all the excess population into migration [This may be happening in 
already saturated systems - as, we have been told, in some parts of Nepal. In our case, this option is more 
useful as an indicator of how much we need to work things out more realistically]. 
The population model does not provide for out migration. This means that merantau, systemic male 
migrations common in these areas cannot be modeled. Immigration is also not allowed. Migration 
decisions in real life are often made by individuals endowed with a range of characteristics rather than by 
wnole households. The existing HH model only considers decision at the HH level. Finally, there is no 
provision/sub-model for transmigration. 
4. Scales: One-week time steps. This puts a limitation on the type of management decision that can 
realistically be simulated, particularly those not related to gross amounts of time allocated to various 
activities but to their timing. It is easier to allocate time within a week than to choose among activities 
which may conflict in terms of daily, hourly, or even successional requirements. This can be critical if the 
issue is to improve/change farming methods, to implement an NTFP domestication program, etc. This leads 
to a larger 'fixed knowledge' problem and to the lack of strategic choices. 
It is similarly difficult to handle different timeframes for economic decisions. This is particularly lacking 
for investment decision and decisions that reflect long term commitments. There is an important 'memory 
problem' that needs to be resolved (see also 'strategy' below). 
Resolution: activities. Some activities (such as fencing in new rubber plots, for instance) could not be 
sufficiently separated and had to be lumped into another activity' s  timetable (guarding or land clearing, for 
instance). 
More resolution needed also in relation to capture fisheries (including bioecological dynamics, 
technological responses and catch - size, composition, etc). Connection diet, health, population, income . . .  
Idem for fish farming (includes management requirements for different technologies, different 
management option, etc.). 
Scales: plot size/activities. We could not deal with home gardens specifically. FLORES uses a 1 ha spatial 
units while home-garden areas are smaller. Multiple landowner classes not being possible, the only option 
left was to include home gardens as a non defined part of the village landscape. 
5 .  NTFPs: resolution. We had to limit the number of NTFPs in order to simplify the model and because 
handling the very large number of concerned products was not feasible given the time and information 
available. 
Our inability to deal with several NTFPS (e.g., wildlife, fish, fibers, foods, medicinal plants) and major 
vegetables means that we cannot make good estimates of labor allocated, yields per unit of effort or yield 
per ha. 
We had to reduce the number of vegetables and other minor crops to almost none. Both reflect the diversity 
in the local system that serves risk reduction and environmental conservation functions. It would be useful 
to include such elements in subsequent version of FLORES. 
The absence of most NTFPs and minor crops means that we have undervalued the subsistence (and maybe 
cash income) aspects of the local system. In addition to their nutritional role, NTFPs ( filtered by indigenous 
knowledge and social networks) play an important role in maintaining the health status of HH. Their 
influence in that respect may be as important as 'income' which is the main variable presently considered. 
6. Sites selection: some implications. Given the area chosen in Sumatra, factors related to ethnic diversity and 
ethno-cultural orientations, with regards, in particular, to the systems of resource use have not been 
modeled. These are critical for national-level decision-making and should not be underestimated in future 
versions of FLORES. 
Transmigration areas, plantation agriculture, roads, rubber projects could not be accounted for in the model, 
as they are not present in the chosen study site. 
It appears that structural changes in local societies may have been taking place at a different pace in 
different part of the larger area. Does the model allow for capturing those changes/paths in the future? This 
is a general question, applicable to the whole issue of replicability, robustness, etc., of the model. 
7. Tenure. It could be useful to develop a generic model of land tenure including the root principles of 
different customary tenure systems across space and time as well as the basic tenure principles of a full 
market economy. This is probably feasible. It could help track down the feasibility/impact of tenure-related 
decisions at different scales (including national/local policies & RH/lineage decision-making). 
In the present model, the specifics of tenure and use rights were grossly simplified because we could only 
deal with HH and because the idea of multiple claims over one plot could not be modeled. 
We had to remove rivers, shared pastureland, shared areas for food cultivation of needy HH - because we 
could not deal with shared ownership or village ownership. In other words, Common Pool Resources
(CPRs) are not in the model.
Because the study site has been settled for a long period of time, it is very likely that there is no 
unclaimed/frontier land in the area. The claims on forested areas may involve villages (whether in common 
or individually needs to be clarified), HH and/or groups of HH/Lineages . . .  But we had to make an area an
open pool of forest because of the wishes of the NTFP/biodiversity group. In other word, Open Access has
been forced into the model. 
It seems urgent/critical to resolve the question of representing nested rights, and nested social dimensions 
in AME. 
We were not able to model sharetapping and sharecropping, since several households cannot be
represented in a single plot. In the present situation all yields go to a single HH (the tenant). In a rubber 
production system constrained by labor and build upon a sizable proportion of share tenancy. This limitation 
makes this production system very unrealistic. 
8. Labor. We wanted to include issues of labor sharing, such as the trading of labor between landholders and
adjacent plots. Although we've had some success at that, it's something we feel needs further refinement.
Sharetapping and sharecropping: In addition to the modeling constraint, we do not have the information
on cost sharing nor do we have the relative distribution of sharing systems (2/3-1/3 vs. 50/50). If the above
constraint is lifted, we will need to include those variables in the economic model for more valid/accurate
cost-earning figures.
A particular problem is handling how working on land belonging to another HH results in yields accruing to
the sharecropper/sharetapper HH.
9. Strategic choices: long term decision making. This was to be partially included into the model (through
choices such as deciding within a 6-9 years timeframe whether we will be able to clear new land down the
road or whether sisipan would be our best option), but was not, finally, during implementation. On the
whole, we haven't been able to devote much time to this [decision on where/how to chose production
systems, migrate, have more children, send them to school, buy capital equipment, etc.
We also need some way of addressing/representing anticipation. 
The problem of long term memory (already raised above) is key to the strategic choice issue. Short term: how 
land management decisions early in the season affect decisions later in the year; long term: e.g., what are the 
effects of decision strategies, how to address investment without memory and with a fixed knowledge base. 
The fixed set decision rules for land management does not allow for learning or for adjusting decisions on 
the basis of feedback. It also does not allow for choices to adopt an alternative set of rules for decisions - i.e. 
change in strategy. 
1 0. Social networks, Relations among people --- e.g. kinship, friendship, interlinked economic/social
transactions, trading stocks between HH and individuals, favors to friends, mutual protection against wild 
pigs, etc., leading to joint strategic decision and collective action. Social networks can be used to predict the 
transfer of knowledge and sharing of resources between HH. Social network linkages were not a part of this 
version of FLORES in order to simplify the model, but may be a useful tool to include in future versions. 
1 1 . Th'e travel time between the household location and each land holding was not incorporated into the model.
An Euclidean distance measure could be calculated in AME, but was not due to time constraints. However, 
a cost surface would provide a more realistic means by which travel times could be calculated and such 
functionality would be more difficult to implement in AME and is best performed using a AME-GIS 
linkage. 
1 2 .  There was no information on the spatial distribution of land holdings or the variety of land holdings by 
agricultural system (e.g. how many paddies, rubber plots, each household had and where). This would 
impact both travel time between HH and plot and plot and market, and these elements were left out of the 
model. 
1 3 .  The study site chosen for FLORES was assumed to be a closed system and that no villages/HH outside the 
study site were affecting landcover in the study area. This is unrealistic, but fortunately physiographic 
boundaries likely limit these effects. Other areas Jacking such physiographic barriers at the· study area 
boundaries should consider these external factors. 
14 .  Others : Temporary HH locations 
Boundary issues 
Plot adjacency, etc. 
Report on the working group Household decision making. 
Tuesday, 
We introduced ourselves, and spent part of the afternoon talking about the ethnography of this part of Sumatra 
and part talking about economic models of decision-making. Carol had written some decision-making "stories" 
just to give the others an idea of some of the factors affecting decisions. By the end of the day we had identified 
the skills of the various folks. Francois, Mandy and Tom were the modellers. Carol and Laxman had local 
knowledge. Chimere's interest focused on tenure issues, illuminating aspects of the local situation by his Africa­
based questions. Martine and David brought in the economic perspective. This was an early, building block and 
labour allocation phase. 
Wednesday 
We divided into an internal group and an external group. Mandy and David made connections with the other 
teams, and Mandy began to conceptualise the parts of our model and how it might link to others. The larger 
internal group continued using Carol and Laxman as "expert informants" about local conditions, while figuring 
out how the model might be pieced together.The knowledge expertise came through the concept of objects 
variables and influences. By the end of the day, Francois and Mandy had developed a preliminary model 
(squares of topics, with the idea of having a land management decision-making component, an economic 
component, and a population component (initiated by Hartrnut, and then worked on further by Tom). Carol 
developed an estimated data set of time allocation by month to the topics we identified as important. It was a 
conceptualisation phase. 
Thursday 
The conceptual model of decision making was presented to Jasper to check its feasibility. We continued working 
on the preliminary models, filling in ethnographic detail, with the modellers getting additional training in AME. 
We tried to begin thinking about the policy levers and the indicators, but it was hard to do, since we felt we had 
so much internal work to do. We had sporadic discussions with other teams about how to link NTFP harvesting 
and production, how to give the crops people the labour information they needed, what kinds of forest we would 
be using and what we'd get out of it. And we continued plugging away at the model. By the end of the day, 
Tom had a prototype population model on the computer; Mandy, David and Martine had made good progress on 
defining the stocks and the links among non-spatial aspects of household decision-making; and Carol, Laxrnan, 
and Chimere were working with Francois on the plot-related labour allocation. Gedde was brought in to provide 
more specific information on prices. By the end of the day, Francois and Martine implemented a first AME 
version of the economic components. This was a consolidation phase. 
Friday 
The algorithm of decision-making model was provided by Jasper. We were supposed to have a prototype model 
completed by Friday night. We all continued working in our sub-groups on the three model components, 
gradually coming to understand the probable links with other groups and negotiating the exact kind of 
information we all needed (should pigs come from single plots or from the forest pool? should each plot be 
identified with a particular family or not? do we need the age of forest plots or would the diameter of the trees 
do?). Carol and Laxman were interrogated about ethnographic details. Few hours later, Tom and Laxman had 
made good progress on the population model; Mandy, David and Martine were doing well with the economic 
aspects. Carol and Francois were struggling with the labour allocation model. By the end of the day, a 
discussion with Robert led to an agreement: we agreed that if our model failed, our fall back position would be to 
use the pFlores model for decision-making. 
Saturday 
We were under real pressure to complete our models. The population model was up and running first. By early 
evening the economic model was running too, though both still had bugs (and many unfinished items). By 9 
PM, the model for allocating labour to various plots was still being made. Francois and Carol finalised a list of 
activities, re-estimated the times for men, women, children and old people to devote to those activities, under 
various conditions, on various plots and at various times of the year. At midnight tested population and economic 
models have been provided. For the land use decision module, the model of perception and the model of action 
have been provided. Robert did the program to compute the data. 
Monday 
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